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PREFACE TO THE FIFTH EDITION 


Tlic aim of this liook, as in former edi- 
tions, is to present tlie minute structure 
of llic human body from a functional 
point of ^ieu^ In keeping >s’ith this goal, 
extensive changes in text ami illustra- 
tions were necessitated hy advances 
made during the past six years hy purely 
morpiiological means and through the 
adaptation of modern clicmical and 
physical methods to histological proh- 
Icms. 

This new edition has profited hy the 
valuable comments of many teachers 
and the generous aid of several of my 
colleagues. Professor William L. Doyle 
has revised the section on protoplasm 
and written most of tltc discussion of its 
suhmicroscopic organization. Professor 
Clayton G. Loosli has recast tlic descrip- 
tion of the respiratory portion of tlic 
lung. The chapter on hone has been 
rewritten in collaboration with my co- 
worker in this field. Professor Franklin 
C. Mckcan. Professors Peter Dc Bruyn, 
Eugene M. K. Gelling, Ralpti W Gerard, 
Franklin C. flIcLean and William H. Tal- 
iaferro ami Dr. Roy Grinkcr made many 
helpful suggestions for other topics. 
The treatment of the hemopoietic 
tissues has been ahlireviated and fairly 
extensive changes made in the sections 


on muscle and the endocrine glands. I 
have condensed parts of the chapter on 
the ncr\ous tissue which was prepared 
for the last two editions by Professor 
Stephen Polyak. I have also rcwriltcri 
much of tlic chapter on the female gen- 
crativc system. This chapter was revised 
in previous editions by Professor George 
W. Bartclmcz, who contributed a de- 
scription of early human placcntation 
to tlic fourth edition. 

Extensive portions of the book have 
been improved by the editorial skill of 
Mrs. .Margaret Dickinson. Four of the 
five new colored illustrations were 
drawn hy Mrs. E. Bohlinan Patterson. 
Among the new black and white figures 
arc autoradiographs, electron micro- 
graphs and photomicrographs made 
with the pliase difTcrcncc microscope. 
As in the earlier editions, my wife has 
contributed greatlj to the preparation 
of manuscript and reading of proof. 

Once more I wish to acknowledge 
with liianks the many valuable criti- 
cisms and suggestions I have received 
from histologists. 

William Bloom 

Cfcicngo, ntinoti 
/fugint. 19-18 





PREFACE TO THE FOURTH EDITION 


Tlie purpose of this hook, as in the ear- 
lier editions, is to provide students with 
an adequate description of the niimitc 
structure of the Iminan hody and the 
morphologic evidences of its functions, 
introducing thereby as much of the data 
of physiology, pathology and experi- 
mental zoology as seems pertinent and 
desirable in the limits of the field of 
histology. The advances in these sci- 
ences. although hindered by the war 
and by the inaccessibility of much of 
the foreign litcratuic, have caused such 
an extensive revision of this book that 
the text has had to be completely reset. 
The greatest changes arc in the intro- 
duction and the chapters dealing with 
bone, nerve, spleen, the female genera- 
tive system, and the eye. I have retained 
the use of largo type for the general de- 
scription of the topics and small type 
for the inclusion of further details. 

The obtaining of very' early implanta- 
tions of chimpanzee and human ova 
makes it possible to include a brief de- 
scription of the early stages of human 
placentation. Professor G. W. Bartehnez 
has generously contributed this new ma- 
terial and also a tliorotigb revision of 
the rest of the chapter dealing witli the 
female generative system. 

With each revision of this book I am 
encouraged to face the enormous liter- 
ature by the liberal help which I have 
received from friends and colleagues in 
various biological fields. I am indebted 
to Professor R. R. Bensley for revising 
the section on protoplasm, to Professor 
S. W. Becker for some of the changes in 
the chapter on the skin, to Professor E. 
A. Boyden for extending the description 
of the biliary passages, and to Professor 


E. M. K. Ceiling for aid with the chapter 
on the endocrine glands. Professor S. 
Polyak has rcviscci the chapters on the 
nervous system and the eye and has 
omitted some of the details of hotli 
chapters, especially of the latter. The 
appearance of his monograph on the 
retina makes it unnecessary to have the 
tiescription of this structure as detailed 
as it was in the previous edition. Pro- 
fessor W. H. Taliaferro has contributed 
to the discussion of the macrophages 
and the spleen. Dr. E. Conway Mahon 
has helped in the revision of miicli of 
the text. 

I feel particularly obligated to Pro- 
fessor F. C. McLean for aid in the re- 
vision of the chapter on hone and of the 
hislophysiologic remarks in several of 
the other chapters. 

There are thirty-five new figures, of 
which nine are photomicrographs, four 
drawings by Miss Agnes Nixon, and 
Iwenly-two drawings by Miss E. Bohl- 
man. Among ibe last named are several 
low power, tliree dimensional drawings. 
I have added the initials A.A.M. in pa- 
renlbcscs at the end of the legends of 
the figures drawn by Professor Maxi- 
mow. Tlie labels on many of the com- 
plex figures have been spelled out. 

I should have liked to show the effects 
of more fixing and staining methods 
than those used for figure 2. but the dif- 
ferences shown will suffice for my in- 
tention at this time. 

Again it is a pleasure to thank all of 
the histologists who have favored me 
with tlieir criticisms and suggestions. 

William Bloom 

Chicago, Illinois 





PREFACE 


At iho time of hi’’ dcalli in December, 
1928, Profcp«or jMaximow was ^vriting a 
Tcxt-I)ook of Ilislolopy. This was to he 
hasc<] as far as possililc, both as to text 
and fipircs, on human material, and the 
functional aspects of the structures de- 
scrihed were to he emphasized. For this 
work ho had collected much new male* 
rial and liad made many new illustra- 
tions. He had completed the sections on 
the male and female generative organs, 
the urinary tract, the organs of special 
sense, and epithelium. In rough manu- 
script ho left the sections on the hlood 
and connective ti«suc, the gastro-inles- 
tinal tract, the hlood vascular and Ijto- 
phatic systems, the spleen, the integu- 
ment, and the mammary gland. 

Professor Maximow’s colleague** in 
the Department of Anatomy felt very 
keenly tlie desirability of seeing the 
book completed, and at the suggestion 
of Professor Bensley I under took the 
task. 

As placentation and general embry- 
ology arc treated so thoroughly in text- 
books of embryology and obstetrics. 
Professor Maximow decided to omit de- 
scriptions of these subjects, although 
lie included descriptions of the histo- 
genesis of tissues and organs where they 
aid in understanding the structure of 
the mature tissue or organ. He omitted 
any detailed discussion of histologic 
technic in view of the several excellent 
manuals now in existence. He had origi- 
nally written extensive sections on the 
comparative histology of each tissue and 
organ, but as tlie manuscript was becom- 
ing much larger than he had antici- 
pated, he made drastic cuts in these 
sections wherever possible, and even 


eliminated them completely in several 
instances. 

None of the chapters on the Nervous 
Tissue were ^rritten by Professor Maxi- 
mow in their present form. His papers 
included some notes and drawings 
which were helpful in a general way 
as indicative of the line of treatment 
contemplated. There was also available 
the Russian text of 1918 in wdiich the 
nervous (issues arc treated very fully. 
A complete translation of these Russian 
chapters and the notes anrl draivings 
wcic placed in the hands of Professor 
Maxiinow’s colleague. Professor C. Jud- 
son Herrick, and these served as the 
basis upon wliicli the present text was 
written. In reorganizing this material 
and bringing it up to date, the attempt 
was made to conform with Professor 
(Maximow's inetliod of treatment as far 
as practicable; but tlie twelve years 
since the Russian text was published 
have been very fruitful in this field and 
much of the discussion which was appo- 
site at that time is now out of date. The 
section dealing with the physiology of 
the nerve fibers and part of that on the 
synapse 'have been taken from a more 
complete treatment of the correlation 
of structure and function of nervous tis- 
sues by Professor R. W. Gerard. These 
chapters, accordingly, are to be regarded 
not as a posthumous publication, but 
as an entirely new formulation of the 
theme, the responsibility for which rests 
chiefly with Professor Herrick. 

I am indebted to Dr. N. Hoerr for 
writing the description of the suprarenal 
bodies. 

I have written the sections on the 
biliary and respiratory systems, the pan- 
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PBEFACE 


in 

;reas, the endocrine glands (with the 
'xceplion ot the 8uj)rarenals) and the 
nlroductory chapter. In all of these sec- 
ions 1 have conformed, in general, with 
Professor ^laximow's ideas on these snh* 
jects. In addition, I have thoroughly re- 
vised the sections on cartilage, bone and 
muscle, which were based on transla- 
tions of parts of his Principles of His- 
tology (Russian), and his rough manu- 
script on the blood vascular ami 
lynipJjatic systems, tlie spleen, integu- 
ment, mammary gland, gastro-iiuesli- 
nal tract, ibe blood, connective lissne, 
and the blood-forming and destroying 
tissues. 

All of the illustrations witli the ex- 
ception of those Ijy Professor ISfaximow 
arc indicated by initials or liy acknowl- 
edgment in tlie accompanying legend. 
I have included a few ‘’key” references: 
a complete bibliography would he be- 
yond the scope of the present volume 
and would increase, pcrliaps unneces- 
sarily, the size of the book, 

Throughout the irork of editing and 
completing this book 1 Itave profiled 
greatly by frequent conMiltations with 
Professor Bensley. 1 wish to express to 
him my appreciation of the many valu- 
able suggestions be has given me and 
in particular lor bis critical reading of 
the text of the introduction, pancreas, 
thyroid, and pituitary. 1 am further in- 
debted to him for several unpublished 
figures for reproduction here; these arc 
acknowledged in the appropriate leg- 
ends. 

I am indebted to Dr. R. McKinney 
for liis lielp in copying certain of the 
figures and in preparation of the manu- 
script, and to Mr. H. A. Harris for aid 
in reading the proof. 

Various portions of the text have ben- 
efited as a result of the critical reading 


by Professors P. Bailey, G. W. Bartel- 
mez, R. W. Gerard, B. Haipcrt, B. C. H. 
Harvey, P. Kyes, P. C. Kronfcld, and 
C. H. Swift of the University of Chicago, 
and Professor B. Orban of the Chicago 
Dental College. I am indebted to Pro- 
fessors P. Bailey, G. \V. Bartclmcz, W. 
Becker, B. Hnlpert, W. II. Lewis, W. S. 
Miller, and B. Orhan for their kindness 
in extending to me original figures for 
reproduction here. 

While this book was in press it was 
stiggested that several of the newer stain- 
ing nictliods which arc referred to in the 
text shoulcl be detailed in the hook. 
These methods arc to lie found in the 
tccimicologicalmnnuals listed at the end 
of the first cliaptcr— especially in that of 
Romcis— and in llie new Ilnndliook of 
Microscopical Tcclinic edited by jMc- 
Clung (1929, New York). An account 
of the cclloidin embedding and section- 
ing mctliods, which arc routine in this 
laboratory, is to be found in the article 
by Maxitnow in the 2eit. f. wiss. Mikro- 
skopic, 1909, volume 26, page 177. 

Much of Professor Maximow’s manu- 
script w.ns left in Russian. For their 
careful translations of this and of por- 
tions of bis Principles of Histology (in 
Russian) 1 am indebted to Doctors G, 
Hassin, O. T. Hess, and E. Piette. 

I wish to express appreciation to the 
W, B. Saunders Company for providing 
splendid reproductions of illustrations. 

In the course of completing the un- 
finished work of another man it is al- 
most inevitable that errors and discrep- 
ancies should enter the manuscript. For 
these I ask the indulgence of my col- 
leagues in the science; I shall be very 
grateful to have any mistakes pointed 
ont to me. 

William Bloom 

Chicago, Illinois 



CONTENTS 


CIIAPTEH XXVJ 


XI 


CII/\PTER XXIII 


UniNAiiY System 481 

The Kidney 481 

Excretory Passages of the Kidney 4% 

Male Urethra 499 

Female Urethra 500 

References 503 

CHAPTER XXIV 

.Male Ge.mtal S^STUt 505 

Tlie Testis 505 

Seminiferous Epithelium 507 

Spermatogene«iv 508 

Excretory Ducts 521 

Auxiliary Glands 528 

The Penis 535 

Semen 510 

References 511 

CHAPTER XXV 

Female Gemtal Sastem 512 

The Ovary 512 

The Oviduct or Fallopian Tube 558 

Uterus 561 

Vagina 577 

The External Genitalia 579 

Correlations in the Female 

Reproductive System 581 

Comparison of the Structure of the 
Testis and the Ovary ... • •••• 582 

References 589 


The MAMstArtY Gland .591 

The Resting Mammary Giani! 591 

Tlic Nipple and the Areola 592 

The Mammary Gland during Gestation .. 591 
The Mammary Gland during Lactation . . 595 

Regression of the Mammary Glam! 597 

Involution of ilie Mammary Gland 597 

Histophjsinloglc Remarks 598 

References 599 

CHAPTER XXVH 

The Cne 600 

Structure of the Eye in General 600 

Measurements anti Landmarks 602 

The Fibrous Tunic 603 

The \'a«cular Tunic (Uvea) 606 

The Retina 613 

The Refractive Media of the Eye 625 

The Accessory Organs of the Eye 630 

References 635 

CHAPTER XXVHl 

The Ear 636 

Tlic External Ear 636 

The Middle Ear 637 

The Inner Ear or Labyrinth 639 

References 651 

INDEX 663 • 


CHAPTER Xr 


CONTENTS 


CJMPTER XVH 


HE LTfMniATIC S^STK^^ 237 

LympliaJic Capillaries and Vessels 257 

Lymphatic Ocgatvs. 260 

Lymph Nodes 260 

References 269 

CHAPTER XH 

’/IE Spleen 270 

The Capsule and Trabeculae 2TX} 

The While Pulp 271 

The Red Pulp 273 

Arteries 275 

Veins . 278 

The Function.*' «{ the Spleen ............ 282 

Hisifigenesis and Rcpeneraiion of 

the Spleen 286 

Rcfctcnccs 286 

CHAPTER XIH • 

.LtNDS 283 

Unicellular Gland*- 289 

Iilullicellular Glands 289 

Erocrine Glands 292 

Endocrine Glands 293 

Mired Erocnne and .Endocrine Glands . . . 296 
References 296 

CHAPTER XIV 

T”*-^ . 297 

297 

• 303 

iiiu parathyroid Glands 308 

The Adrenal Glands 310 

The Paraganglu (Chromaffin System) . . ’316 

Thymus 316 

The Pineal Body 322 

References 321 

CHAPTER XV 

The Skin 323 

Epidermis . - .. 323 

The Derma .. . 331 

Hairs .. .. 33.3 

Nails 310 

Glands of the Skm 342 

References ..... 349 

CHAPTER XVI 

The Oral CaMtv and Associated 

Stbucti-'r»> .... 350 

General Remarks on the Digcslne Sv«iein 350 

The Oral Cavity ...351 

The Tongue . . 353 

Glands of the Oral Cavity 358 

Tonsils 367 

The Pharynx 371 

References 37i 


The Teeth 372 

Dentin 374 

Enamel 376 

Cemenitim 377 

VvAp 378 

Periodontal Membrane 378 

The Cum 379 

Histogenesis of the Teeth 379 

ncfcrences 383 

CHAPTER XVIH 

Esophagus and StoAiActi 385 

The EsophaRtis 38.5 

The Stomach 389 

The Gastric GlamU 391 

The Pyloric Clauds 394 

The Cardiac Glands 39a 

References 398 

CHAPTER XIX 

The Intestines 399 

The Small Intestine 399 

The Appendix 405 

The Large intestine 407 

References 419 


CHAPTER XX 

Liver. Rile Ducts, AND Gall!ii.addfr 420 

The Liter 420 

Rile Ducts 431 

The Gallbladder 432 

The Choledocho-Duodena! Junction 436 

References 439 

CHAPTER XXI 

PANCTEAS 41] 

Exocrine Portion 4 12 

Mets of Langerbans 413 

Ducts 417 

Histophysiologic Remarks Internal 

Secxetion 4 19 

External Secretion 431 

References 451 

CHAPTER XXII 

Thf Respih atopy System 4-53 

The Nose 453 

The Larynx 457 

Trachea 458 

The Lungs 459 

The Bronchial Tubes 459 

Respiratory Structures of the Lungs 462 

References 479 



Chapter 1' 


INTRODUCTION 


Histology deals with the minute struc* 
tures of plant and animal bodies and the 
morphologic evidence of their functions. 

The simple animals consist of but a 
single cell; in the multicellular animals, 
groups of more or less similar cells are 
combined with varying amounts of inter- 
cellular substance to form tissues. In the 
more complex animals the tissues are 
present as such and are also combined in 
various ways to form organs. General 
histology is the science of the tissues, 
while special histology or microscopic 
anatomy deals with the minute structure 
of the organs. 

This chapter consists of a brief, general 
consideration of cells to afford a working 
basis for the descriptions of tissues and 
organs. No attempt will be made here to 
consider all of the manifold variations in 
the primary cellular constituents. Many of 
these variations are characteristic only of 
the lower forms, but those of the mam- 
malian organism, and in particular of 
man, will receive more detailed treatment 
in the descriptions of the tissues and or- 
gans in which they occur. 

For the analysis of the structure of the 
embrjonic and adult animal, the cell is a 
convenient living unit, although it is pos- 
sible that smaller units of life may exist. 
Relatively simple organisms, such as bac- 
teria which lack some of the characteris- 
tics of most cell types — for their structure 
cannot be divided into the characteristic 
nucleus and cytoplasm — can carry on all 
of the vital functions. The invisible fil- 
trable viruses cause diseases and are 


known to multiply in favorable living 
cells; many of them have been purified 
and crystallized; they have a high nucleic 
acid content. Stanley (1940) ends his dis- 
cussion of the question of whether or not 
they are “alive” with the following: “With 
the realization that there is no definite 
boundary betiveen the living and the non- 
living, it becomes possible to blend the 
atomic theory, the germ theory, and the | 
cell theory into a unified philosophy, the 
essence of which is structure or architec- 
ture. The chemical, biological, and phys- * 
ical properties of matter, whether atoms, 
molecules, germs, or cells, are directly de- 
pendent upon the chemical structure of 
the matter, and the results of the work , 
with viruses have permitted the conclu- ^ 
sion that this structure is fundamentally 
the same regardless of its occurrence.” 

Many biologists do not agree with this 
and regard the line between living and 
nonliving as more sharply drawn. In any 
event, the cells found in the bodies of 
multicellular animals show marked varia- 
tions in structure and function and rep- 
resent complex functional living units, 
which are coordinated by and subservient 
to the functions of the whole animal 

METHODS OF STUDY 

History. Although the microscope has 
been used for nearly three hundred years 
for the study of minute anatomy, modern 
histology began with an outburst of in- 
vestigation in the third and fourth dec- 
ades of the nineteenth century and re- ‘ 
ceived its greatest impetus from the 
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and fixed cells is necessary for knowing 
the structure and function of particular 
cells and tissues. 

The great mass of work done today in 
both normal and pathologic histology de- 
pends on the' fixation of the tissues and 
their subsequent staining in an elective 
manner.^ The different fixatives precipi- 
tate the proteins in aggregates of different 
sizes; many of them leave the lipids un- 
affected, but most of them remove the 
carbohydrates and a large part of the 
salts. Accordingly, to study all of these 
constituents of a cell, various fixation 
methods must be used. Some are belter 
than others with respect to (a) preserva- 
tion of the cells and their constituents 
with a minimum of visible distortion, (6) 
speed of penetration, and (c) subsequent 
application of various stains. In general, 
the more acid the fixative, the more the 
nuclear material will be clumped; as this 
clumping becomes very prominent after 
staining, there results the common belief 
that fixatives with picric acid or trichlor- 
acetic acid are “good” fixatives. Actually, 
the various fixing solutions containing 
neutral formalin, osmic acid, and mer- 
curic chloride, singly or in combination, 
are among the best for morphological 
purposes. Histochemical analysis of cells 
usually requires special fixatives. 

. The next step in the preparation of 
fixed tissues for study consists in slicing 
' them into very thin layers. This is usually 
accomplished by freezing a bit of tissue, 
after which it can be sectioned in a spe- 
cial instrument, or by infiltrating it with 
a solution of gelatin, paraffin, or celloidin 
which is later solidified so that the tissue 
and the embedding matrix may be sec- 
tioned together. The use of either paraffin 
or celloidin requires that the tissue be de- 
hydrated in alcohol, which removes most 
of the lipids. The use of paraffin permits 
the tissues to be sectioned relatively rap- 
idly and in very thin slices. Celloidin, on 
the other hand, disturbs the arrangement 
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of the cells less and causes less shrinkage 
than does the paraffin method. 

These thin slices may be stained to 
demonstrate the various parts of the cell 
and the intercellular substance. The most 
commonly used staining method — hema- 
toxylin and eosin — stains the nucleus blue 
and the cyptoplasm pink. Unless other- 
wise noted, the figures in this book are 
from material fixed in Zenker-formol and 
stained with “H and E.” Special stain- 
ing methods are necessary to demon- 
strate certain cellular constituents 
which arc present in the dead cell 
body but arc not made visible by 
hematoxylin and eosin. Figure 4 
shows that a single staining method 
does not suffice. Many staining methods 
have been devised; -a few are indis- 
pensable but most of them are of ques- 
tionable value. Although many staining 
reactions are primarily physical processes 
(see Conn), others appear to be due to 
chemical interactions ' between cellular 
constituents and certain dyes. The inter- 
pretations of some of these reactions are 
discussed by Dempsey and Wislocki. 

Some of the striking differences in the 
effects of a few of the commonly used 
fixing and staining agents are sho%vn in 
Fig. 4, although only three of them will 
be pointed out here. The ten fixed cells 
of this figure are from the small intestine 
of the same guinea pig, while cells b and 
c are from those of other guinea pigs. 
First, it is seen that the nuclei of the cells 
studied supravitally (6 and c) consist of 
a sharp membrane, a prominent body 
called the nucleolus, and a vague network 
of chromatin. The cells fixed in neutral 
formalin (/, ;) and Zenker-formol {g, k) 
show much the same structures, although 
the latter shows more chromatin material. 
Absolute alcohol (d) and the two dis- 
tinctly acid fixatives (Bouin, e, i, and 
Zenker-acetic, h, 1) show nuclei with 
heavily clumped chromatin which stands 
out prominently. Second, this figure shows 
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moved, the physical make-up of the cyto- 
plasmic constituents may he investigated 
directly, and various reagents may be in- 
jected directly into the cell by microdis- 
section. Its main drawback is that the cell 
frequently changes its characteristics 
after microsurgical intervention. Micro- 
chemical methods of importance have also 
been developed. 

Two staining methods have been ap- 
plied successfully to living animals or 
surviving tissues. In vital staining, the 
dyestuiT is introduced into the living or- 
ganism and, depending on the constitu- 


addition of a dyestuff to sur\'iving tissues. 
Its most prominent accomplishment is the 
staining of mitochondria in living cells 
with Janus green B and of nerve fibers 
and cells with methylene blue. Under cer- 
tain conditions these two dyes may be 
vital stains. 

From these examples it is apparent that 
progressive advances in the study of liv- 
ing cells and tissues depend on the dis- 
covery of methods for the continuation of 
the life of the cells in complex tissues 
after removal from the body, and of 
methods winch enable one to distinguish 








Fig. 3. Photomicrograph by pliase (Jiffercnce microscopy of a macrophage of newt in tissue culture. 
A, Before fixation; B, same cell m 95% alcohol 34 minutes after fixation in Zenker-formol. The 
arrows point to the centnoles, 800 X- Courtesy of R Buchsbaum. 


lion of the dye, certain parts of the or- 
ganism will accumulate this material. Ex- 
amples of this procedure are the staining 
of the macrophages (see Fig. 9, 5, p. 12), 
the liver epithelium, and portions of the 
kidney after the intravenous injection of 
lithium carmine, and the filling of the 
bile capillaries after the intravenous 
injection of sodium sulfindigotate. This 
method, although limited in its applica- 
tions, has contributed toward the solution 
of certain problems connected with the 
morphology and function of particular 
cells and tissues. Supravital staining is the 


various cytological constituents within the 
more or less optically homogeneous body 
of the living cell. 

Study of Dead Cells. The study of 
the living cells lacks the factor of perma- 
nency of record, except in those instances 
where this has been accomplished by 
photographic methods. This difBculty, and 
that of distinguishing the different parts 
of the cell in the living condition, have 
been overcome to some extent by the 
study of cells and tissues w'hich have been 
killed, that is, “fixed,” and then stained 
in various ways. A Study of both living 
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the differences in the effect of these fixa- 
ti\es on mitochondria (see p. 10). These 
cellular constituents are seen with diOi- 
culty in the living cell (c) ; they are ob- 
vious as blue rods and granules after su- 
pravital staining with Janus green (6) 
and are black in the cells stained with 
Heidenhain’s iron-hematoxylin after neu- 
tral formalin (/) and Zenker-formol (g) 
fixation. But they are not visible with this 
stain after Bouin (c) or Zenker-acetic (k) 
fixation. Third, mitochondria are not vis- 
ible after any of these fixatives followed 
by staining with hematoxylin and eosin 

{d, i, j, k, 1). 

As the cells of the intestine change 
their shape greatly with the extensive 
movements of this organ, conclusions 
should not be drawn from the differences 
in size and shape of these cells as seen in 
Fig. 4 after the various fixing agents used. 
However, the impression that the cells 
and their nuclei are larger in the living 
than after histological preparation is cor- 
rect. 

By the various fixation and staining 
methods, many structures have been de- 
scribed within the cell; these are artificial 
to the extent that the structures in fixed 
material are not the same as the struc- 
tures in the living cell. However, with 
constant fixation and staining methods, 
there is a constant factor of artificiality 
in this method of preparation. With im- 
proved methods of studying living cells, 
evidence has been found for the exist- 
ence in the living cell of most of the im- 
portant structures which had been de- 
scribed on the basis of fixed and stained 
preparations. Phase microscopy has been 
of great aid in this respect. 

In the Altmann-Gersh freezing-drying 
technic, tissues are made available for 
chemical study almost unaltered. The 
movement of crystalloids and some or- 
ganic substances that takes place during 
the application of the usual fixatives is 
avoided (see Figs. 10, 11). This technic 


has been greatly advanced by being com- 
bined with micro-incineration and with 
ultraviolet absorption methods. 

Progress has also been made in the 
study of the ultra-structure of cells 
through the use of polarized light and 
x-ray diffraction spectra. 

The location of radioactive isotopes in 
tissues can be determined by placing a 
photographic emulsion in contact with the 
section. This method, called autoradiog- 
raphy, was introduced for polonium by 
Lacassagne, Lattes and Lavedan. With the 
isolation of radioactive isotopes of more 
physiological interest such as those of 
iodine, phosphorus, carbon, and calcium, 
the method promises to be an important 
histological procedure. The precision of 
localization depends primarily on the 
range of the particles emitted, being best 
for the short-ranged a particles (as of 
plutonium, Fig. 121, A) and relatively 
weak /? particles (P®S Fig! 266; and 
and very poor for long-ranged ^ particles 
(as those of P’-, Fig. 121, B). 

CELLULAR STRUCTURE 
PROTOPLASM 

Nearly all cells consist of a nucleus sur- 
rounded by cytoplasm (Fig. 5). Although 
the nucleus and cytoplasm have some- 
what different chemical compositions, the 
underlying structure of both is the same 
“prolojjlasm.” 

The exact constitution of protoplasm is 
unknown. The older writers, whose work 
was based mainly on the appearance of 
protoplasm in fixed (that is, coagulated) 
material, held many theories as to its 
structure, the most important of these 
being the reticular, the fibrillar, the gran- 
ular, and the alveolar theories. However, 
the apparent distribution of protoplasm 
in threads or granules or bubbles is due 
primarily to the coagulation of proteins 
by different agents. 

Under the microscope living proto- 
plasm presents the appearance of an optic- 




INTnODUCTION 


9 


deeply ^vith basic dyes. These masses, 
called chromalin granules, seem to he sus- 
pended within the nucleus on a fine lacy 
framework, the Unin netjcorfc. The chro- 
matin, in addition to the part which stains 
deeply with basic dyes, may be stained in 
part with acid dyes. Accordingly, certain 
authors have distinguished an oxychro- 
matin and a hasichromatin. They believe 
that one may turn into the other. Ultra- 
violet absorption studies indicate that 
hasichromatin and also most of the oxy- 
chromatin have some content of desoxyri- 


In some cases, the single nucleus may 
be greatly elongated and twisted in bi- 
zarre forms upon itself. This occurs char- 
acteristically in the megakarocyte of the 
mammalian bone marrow. 

Cytoplasm. The basis of the cytoplasm 
is frequently spoken of as the ground 
substance. Embedded in it are the micro- 
scopically visible formed constituents of 
the cytoplasm: organoids (or organ- 
elles) and inclusions. The organoids, 
present in practically all cells, are prob- 
ably endowed with the ability to divide. 



Fig, 6. MuUinucleated giant cell from the nenly formed connecthe tissue in a glass chamber placed 
subciitancmisly m a rabbit nine days previously. Iron-hematoxylin stain. (A.A.M.) 


base nucleic acid. The nucleoli stain with 
acid dyes and are rich in ribose nucleic 
acid. They have a more or less character- 
istic form in particular cell types; for in- 
stance, in the hemocytohlasls they are ex- 
ceedingly large. The space in the nucleus 
not occupied by the nucleoli, the chro- 
matin, and the linin network, is filled witli 
a clear liquid, the nuefeor juice. In ultra- 
centrifuged cells the nuclear juice is 
lighter than the chromatin and linin and 
these, in turn, than the nucleoli. Some 
cells contain many nuclei (Fig. 6). 


and thus to perpetuate themselves*, they 
are thus believed to be specialized par- 
ticles of living substance in contrast to the 
inclusions w'hich are lifeless, temporary 
constituents of the cell. The organoids r 
comprise the mitochondria, the Golgi ap- 
paratus, the centrioles, and fibrils; the in- 
clusions are accumulations of proteins, 
fats, carbohydrates, pigments, secretory 
granules, chromophil substance, and crys- 
tals. The position of the submicroscopic 
microsomes in this classification is uncer- 
tain (p. 14) . 
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ally clear, continuous substance in which 
certain visible particles are embedded. 
Most of these are products of cell activity 
and in no sense constituents of the living 
substance. Some, however, sucli as mito- 
chondria, may be regarded ns organs of 
the cell. 

Protoplasm is a complex liquid system 
surrounded by an invisible membrane 
■which regulates interchange with the sur- 
rounding medium. The consistency of pro- 
toplasm may vary in different cells, and 
from moment to moment in the same cell, 
from that of a liquid to a rather firm gel. 
Thi^ change is reversible. 


a cell, a new membrane is soon formed 
from the cytoplasm. 

Between the nucleus and the cyto- 
plasm is another membrane, called the 
nuclear membrane (Fig. 5). By micro- 
dissection it lias been determined thot the 
nuclear membrane is quite lough and 
slightly clastic, and that when it is punc- 
tured the nuclear content may run out, 
although nuclei usually “set” as a very 
viscous gel when injured. 

The Niicicws. Tlie nucleus of the cell 
is usually a globular or ovoid structure, 
ll is slightly denser in the living cell than 
the surrounding protoplasm, from winch 



Fig. 5. Interstitial cell from the ovary of a ralLii. Iron-hemaloxylin stain. 1300 X. (AA.M.) 


Cell and Nuclear Membranes. The 
nature of the invisible surface membrane 
of the cell is still in doubt. This mem- 
brane, estimated as 100 to 200 A thick, 
is usually described as differentially per- 
meable; that is, the membrane acts selec- 
tively, in unknotvn fashion, to permit the 
accumulation within the cell of some so- 
lutes and not of others. The extensive 
body of knowledge dealing with this topic 
has been thoroughly xevieured by Davson 
and Danielli and by Hbber et ah 

By microdissection it has been deter- 
mined that the cell membrane is some- 
j what resistant and slightly elastic and 
that when it is destroyed at one point on 


it is sharply delimited by the nuclear 
membrane. As seen in the living cell, the 
nucleus contains irregular wavy lines and 
clumps which are slightly grayer than the 
rest of the nucleus. Usually a distinct 
body, the nucleolus (Fig. 5), can be seen 
in it. The nuclear pattern of living cells 
is obvious in favorable phase microscope 
preparations (Fig. 2). 

As in the case of cytoplasm, most of 
our knoivledge of the nucleus is based on 
studies made on fixed and stained prep- 
arations. The nucleus is bounded by a 
membrane tvhich stains deeply with basic 
dyes. Scattered throughout its substance 
are irregular masses which also stain 
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paratus seen in fixed preparations. This 
has been denied by other authors who 
claim to have demonstrated both the 
canals and the reticular apparatus in the 
same preparation. 

When living cells are stained with a 
solution oi neutral red, vacuoles ot dye 
may be seen in many of them. The canalic- 
ular apparatus in mammals does not 
stain with neutral red. 

Kirkman and Severinghaus and Hib- 
bard give extended reviews of the lit- 
erature on this organoid. 

Cell Center. In most cells, usually 
close to the nucleus, is a condensed por- 
tion of protoplasm, called the cell cen- 
ter, or attraction sphere. It contains two 
or more small dots which can be seen in 
favorable living specimens with phase 
microscopy (Fig. 3) and which can be 
demonstrated readily with iron hematoxy- 
lin. They are usually close together and 
are called the centrioles or the diplosome 
(Fig. 5). The Golgi apparatus is generally 
located around the cell center. 

The cell center and its centrioles play 
an important part in that form of cell 
division called mitosis. Occasionally, cells 
are found with two nuclei; these usually 
contain one cell center and two or more 
distinct diplosotnes. In the relatively rare, 
multinucleated cells in mammals, the cell 
center may be quite large and may con- 
tain several isolated groups of centrioles 
(Fig. 6). Certain cells, as those of the 
nervous system, do not divide; they are 
seldom provided with centrioles. 

Fibrils. Fine fibrils develop in many 
cells. They are frequently very thin and 
have been presumed by certain authors to 
offer stability to the cell. They have been 
called tonofibrils and are particularly 
characteristic in certain epithelial cells: 
in the skin they are belie%ed to pass from 
one cell into its neighbors (Fig. 281). 
The exact nature of these structures is un- 
known; they probably do not develop 
from mitochondria. Tonofibrils disappear 
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from a cell during mitosis and reappear 
in the daughter cells. 

Very prominent are the fibrils found in 
nerve and muscle cells. The nerve fibrils 
have been studied for many years in tis- 
sue stained supravitally with methylene 
blue and in fixed and stained prepara- 
tions. Microdissection studies suggest that 
they arc present in the living nerve fiber 
and they have been seen in living embry- 
onic chick ganglion cells in tissue culture. 
Tliey may be displaced to one side of the 
cell by the ultracentrifuge. 

Fibrils are one of the most character- 
istic features of the various types of 
muscle fibers as seen in fixed and stained 
preparations; although they have not 
been demonstrated in living cells to the 
satisfaction of all observers, it is quite 
probable that here their demonstration de- 
pends on finer methods of observation in 
vivo, as was the case with the nerve 
fibrils. 

Inclusions. — Proteins, Fats, and 
Carbohydrates. The inclusions of the 
cell may be granules of protein material, 
such as the dark purjde*stQined granules 
of Fig. 9, 2, or the dark green-stained 
masses in 2 of the same figure. They may 
be of lipoid nature, as the red-stained yolk 
inclusions in 4 of Fig. 9. In the usual 
histologic preparations, however, the free 
fatly materials which were present in the 
cell are dissolved during the preparation 
of the section and thus appear as holes in 
the cells (Fig. 9, 3). Much of the fat in 
the cell cannot be demonstrated micro- 
scopically, although it can be extracted 
chemically ; this is called mashed or 
bound /at. 

Carbohydrates in the form of glycogen 
may be demonstrated in many cells, if 
the tissue is fixed in absolute alcohol 
which precipitates the glycogen. Such are 
the red-stained granules in the liver cells 
shown in Fig. 9, 3. 

Observations on living cells in tissue 
culture and in tissues fixed by the Altmann- 
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Organoids. — Mitochondria. These 
arc small structures found in all animal 
cells (Fig. 7). They vary from dots lo 
short rods, or filaments. Tliey may he dis- 
tinguished in unstained living cells* ol- 
though their identification becomes much 
easier through the aid of Janus green B, 
applied supra\itally (Figs. 4, 40), They 



Fip 7. Me«encli>nie cell from tlie snlicutoneoiis 
connective tissue of four-day chick cmliryo. in a 
culture of five days. Tlie cytoplasm contains 
numerous filanientnus and itranular mitochondria. 
The nucleus has a prominent nucleolus. Stained 
supravitaHv with .lanus green and fixed with 
iodine. Vl.'iO X- Courtesy of W, H. Lewis. 

are prominent in living cells studied by 
dark-field illumination (Fig. 8) and by 
phase microscopy (Fig. 2). In properly 
fixed preparations, they may be stained 
more or less electively (Figs. 9. 2 and 61. 
They vary from ten to several hundred 
in a given cell. 

Although "mitochondria may perhajrs 
participate indirectly in secretory proc- 
esses, they probably are not transformed 
into secretion granules. Mitochondria, by 
their distribution and changes in form, 
undoubtedly reflect the activity of the cell. 
In some cases they bear a definite rela- 
tionship to the polarity of the cell 

(Fig. 28). 


Jntornal Reticular Apparatus of 
Golgi. This structure consists of a very 
irregularly arranged, interlacing network 
of fibrils, as seen in fixed preparations 
(Fig. 9). Tlic network may he extensive 
or it may he localized in a small part of 
the cell. At limes it may he broken up into 
a large number of scattered threads. In 
general, it is said to he of a more or less 
constant type in a given kind of cell and 
is usually localized about the cell center. 

This network (often called the Golgi 
ncltcorh or the Golgi apparatus) has been 
thought by many autliors to play an im- 
portant role in cellular activities, particu- 
larly lliosc dealing with secretion. It is 
quite improbable, however, that the Golgi 
net is transformed directly into sccrcldrv 
vacuoles. 

The Golgi net contains lipids and prob- 
ably varies in composition from cell to 



Fig. 8. Photomicrograph by dark-field illumina- 
tion of Q living chick fibroblast in a tissue culture. 
The outline of the cell appears very bright, as 
does that of the oval nucleus. Note the wavy 
mitochondria in the cytoplasm and the large and 
«mall globular inclusions (of lipoid nature). The 
outlines of the nucleoli are visible. After Canti. 

cell. Experiments with the ultracenlrifuge 
have shown that the Golgi apparatus is 
lighter and the mitochondria heavier than 
the rest of the cytoplasm. 

In living cells, and occasionally in well 
fixed material, clear, canaMike structures 
can be seen. Some authors believe that 
the canals are identical with the Golgi ap- 
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Gersh freezing method suggest that gly- 
cogen is present in. solution and that the 
granular appearance in fixed preparations 
is due to its precipitation by the alcohol 
(cf. Figs. 10 and 11). Glycogett has been 
separated as submicroscopic particles 
from suspensions of gi^und liver cells. 

Chromophil Siibstitiice^ In many 
cells, diffuse or discrete masses of a ma- 
terial uhich stains with the same d)cs as 



Fig. 10. Two cells from liver of amblystoma. 
fi'icil m Zenkerdormol aiul stained with liemat- 
ox)lin and Best’s carmine to show gljcogen. 
Note that this material is clumped on one side of 
the cell. From a preparation of I. Gersli. 400 X. 
Compare with Fig. 11. (W.B.) 

does the nuclear chromatin may be found 
in the cytoplasm. This material was ac- 
cordingly called chromophil substance; 
tile most, prominent examples are the 
Nissl substance in nerve cells and the 
chromophil substance in the salivary 
glands. This material, which is apparently 
ribose nucleoprotein, changes greatly dur- 
ing the activit) of tlie cell. The basophilia 
of the cytojilasm of certain rapidly di- 


viding cells is due to a high content of 
ribo“e nucleic acid components and is 
probably associated w’ilh protein syn- 

th^is. 

Pigment Granules. Many cells scat- 
tered throughout the body in characteris- 
tic positions, particularly in the Am- 
phibia, contain large amounts of pigment 
granules, usually a melanin (Fig. 9, 7). 
Tliese cells are usually called chromato- 



Fig 11. Two liver cell» of amblystoma, fixed 
by the Altmarm-Gersh method and stained with 
hematoxylin and Best’s carmine for glycogen 
Note that the plycngen is distributed evenly 
throughout tlie celb. From a preparation of 1. 
Gersh. 400 X- fW. B.) 

phores, or rnelanophores, depending upon 
their origin. 

Crystals. Peculiar crystals, probably 
arising from proteins, are found in sev- 
eral types of cells (see Fig. 458). Their 
functiofi is unknown. 

Secretory Crannies. In many epi- 
thelial cells various secretory granules 
occur. These differ cyclically in the same 
type of cell, depending on the stage of 


5, .Macrophage from the subcutaneous connective tissue of a white rat, stained Intravitally witli 
isamine blue. 1200 X- 

6, A fibroblast with rod-shaped mitochondria from the subcutaneous connective tissue of a white 
rat. 1200 X. 

7, Cliromatophore from an axolotl embryo, with pigment granules and pink-stained yolk granules. 
Eosin-azure stain. 600 X- 

8, First stage in the elaboration of secretion granules (red) in the pelvic gland of Triton taeniatus. 
The granules first appear near the Golgi net (stained gray). The few granules near the free border of 
tlie lowest cell are from the preceding secretory cycle. Fixation Champ), stained with the Altmann 
method and aurantia. (Figures 5 and 6 are from preparations of Tscliaschin and 8 is redrawn after 
Nas<=onow.) (A. A .M ) 
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Fig. 9. CelU -with various organoids and inclusions. J, Liver cell of an axolotl, containing red. 
stained mitochondria and large puiple-stamed protein inclusions (chromophil substance). The 
nucleus contains an acidophil (red) nucleolus and granules of ox>- and basi-chromatin. Hematoxylin- 
eosin-azure stain. 1100 X- 

2, Liver cells of a rabbit; several dark green stained protein inclusions and numerous mitcliondria 
(stained red) . Allmann stain. 750 X. 

3, Liver cells of a white rat; one tell is binucleate; the clear spaces are vacuoles resulting from 
dissolving of the fat; the red granules are glycogen. Fixed in alcohol and stained with Best’s carmine. 
800 X. 

4 , Epithelial cell, from tlie oral cavity of an axolotl embryo, containing dark pigment granules and 
red-stained yolk Inclusions. Eosin-azure stain, 1200 X. 
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analyze cellular structure and function in 
the terms of these sciences. Indeed, as 
Schmitt states in his discussion on “Ultra- 
structure and the Problem of Cellular 
Organization”: “The task therefore re- 
solves itself largely into one of molecular 
and macromolccular morphology. At this 
level of organization the boundaries be- 
tween morphology, physiology and bio- 
chemistry largely disappear,” 

As the cell may be considered to be an 
organized set of s) stems in dynamic 
equilibrium with their environments, it 
is not surprising that many of the com- 
mon elements are to be found in proto- 
plasm. The human body has the following 
percentage composition on a fresh weight 
basis: oxygen 65, carbon 18, hjdrogen 
10, nitrogen 3, calcium 2, phosphorus 1.1, 
potassium .35, sulfur .25, sodium .15, 
chlorine .15, magnesium .05 iron .004. 
In addition to these, traces of two dozen 
or so other elements normally found in 
living organisms are vital to life. How- 
ever, on the basis of the number of mole- 
cules and ions present, a table of the com- 
position of the body would have a dif- 
ferent aspect; thus there are 1.7 times 
more hydrogen atoms in the body than all 
the other atoms put together. 

An analysis of protoplasm reveals the 
presence of water, inorganic ions and in- 
numerable naturally occurring organic 
compounds, some of which may be 
broadly classed as proteins, carbohy- 
drates, lipid substances, their combina- 
tions, their constituents and their pre- 
cursors. Preeminent in the architecture of 
cells are the proteins. 

There are proteins which vary from 
cell type to cell type and are specific for 
organ and species. There are other pro- 
teins which seem to be common to all the 
cells of an individual. Important con- 
stituents of nucleus and cytoplasm are 
the nucleoproteins. Carbohydrates occur 
in animal cells as glycogen and its hydro- 
lytic products and also combined with 


proteins and lipids. Intracellular fats vary 
from minute droplets of neutral fats in 
many types of cells to large accumulations 
in the fat cells which are specialized for 
the storage of these substances. Although 
more complex lipids as sterols and phos- 
phatids are ^^idely dispersed in cells, only 
rarely can they be demonstrated by visual 
means. 

Protoplasm contains much potassium, 
very little sodium, small amounts of mag- 
nesium, and even less calcium; the heavy 
metals are present in traces. Of the 
anions, bicarbonate and phosphate pre- 
dominate ; chloride is present in very 
small amounts if at all. This contrasts 
strongly with the body fluids in which 
sodium salts, especially the chloride, pre- 
dominate (Fig, 36) . 

It is frequently stated that protoplasm 
is a complex colloidal system u’hich pro- 
vides a variety of interfaces and phase 
boundaries at which biochemical reac- 
tions take place. But such a concept is 
hardly adequate in view of the degree of 
integration of the activities which exists 
in living systems. It has therefore been 
postulated that cells have some kind of 
macromolccular skeleton which provides * 
numerous surfaces of highly specific con- 
figuration arranged as a more or less con- 
tinuous phase permeated by components 
in true solution. If such a “cytoskelelon” 
exists it would have to be in dynamic 
equilibrium with the more fluid continu- 
ous phase. In a sense the architecture of 
the cell is that of a factory carrying out 
certain processes in connection with cer- 
tain specialized structures, but it is a fac- 
tory in which the raw materials, the ma- 
chinery, and the end products are con- 
tinually interchanging. 

The use of isotopic tracers has led to 
the view that cellular structures and their 
chemical reaction systems are in dynamic 
equilibrium with an intracellular pool of 
metabolites composed of many small or- 
ganic molecules. Thus the significance of 
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secretory activity of the cell. In some 
cases, the nature of tliese granules has 
been correlated with tlic chemical com- 
position of the secretion, but in most 
cases their exact nature is not known. The 
secretory granules in certain cells con- 
tain antecedents of enzymes (prO'Cnzymes 
or zymogen granules) . After they have 
left the cell, they become active enzymes. 
These small granules gradually progress 
toward the free border of the cell where, 
it is claimed, they imbibe water and be- 


and by electron micrographic study, sub- 
microscopic particles .have been isolated 
as cellular constituents. They vary in size 
from 50 to 250 A and undoubtedly com- 
prise a variety of materials. In the liver, 
some of them arc glycogen, others prob- 
ably are proteins. Until more is known 
of their chemical constitution it will not 
be possible to classify them more accu- 
rately; at present it would seem that some 
of them fall into the category of inclu- 
sions. 



Fig. 12. Electron micrograph of Vi M section of guinea pig luer after fixation by vascular perfusion 
with osmic acid (29^). The large elongated and rounded bodies are mitochondria. The finely granular 
material in nucleus and cytoplasm are microsomes (submicrosoopic particles). 4500 X. After Claude 
and Fullam. 


come vacuoles, after which they are dis- 
charged from the cell. 

The origin of the secretory granules 
is unknown; it is unlikely that they arise 
through a metamorphosis either of the 
mitochondria or of the Golgi apparatus; 
nor has it been shown that they develop 
from nuclear material or from the chro- 
mophil substance. 

.5u6microscopic Particles (Micro- 
somes), By differential centrifugation 


Tile Submicroscopic Organization 
of Protoplasm (by William L. Doyle). 
The nature and composition of proto- 
plasm and its modifications are, in the 
final analysis, the objects of numerous bio- 
logical investigations; for, in essence, 
protoplasm means life. The chemical and 
physical analyses of cells and extracellu- 
lar substance constitute the subject mat- 
ter of biochemistry and biophysics. It is 
one of the functions of the histologist to 
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analyze cellular structure and function in 
tlie terms of these sciences. Indeed, as 
Schmitt stales in his discussion on “Ultra- 
structure and the Problem of Cellular 
Organization”: “The task tliercforc re- 
solves itself largely into one of molecular 
and macromolecular morphology. At this 
level of organization the boundaries be- 
tween morphology, physiology and bio- 
chemistr)- largely disappear.” 

As the cell may be considered to be an 
organized set of systems in d)namic 
equilibrium with their environments, it 
is not surprising that many of tlic com- 
mon elements arc to be found in proto- 
plasm. The human body has tlie following 
percentage composition on a fresh weight 
basis: oxygen C5, carbon 18, hydrogen 
10, nitrogen 3, calcium 2, phosphorus 1.1, 
potassium .35, sulfur .25, sodium .15, 
chlorine .15, magnesium .05 iron .001. 
In addition to these, traces of two dozen 
or so other elements normally found In 
living organisms are vital to life. How- 
ever, on the basis of the number of mole- 
cules and ions present, a table of the com- 
position of the body would ha\e a dif- 
ferent aspect; thus there are 1.7 limes 
more hydrogen atoms in the body than all 
the other atoms put together. 

An analysis of protoplasm reveals the 
presence of water, inorganic ions and in- 
numerable naturally occurring organic 
compounds, some of which may be 
broadly classed as proteins, carbohy- 
drates, lipid substances, their combina- 
tions, their constituents and their pre- 
cursors. Preeminent in the architecture of 
cells are the proteins. 

There are proteins ^vhich vary from 
cell type to cell type and are specific for 
®rgan and species. There are other pro- 
teins which seem to be common to all the 
cells of an individual. Important con- 
stituents of nucleus and cytoplasm are 
! ® ""cleoprozems. Carbohydrates occiur 

animal cells as glycogen and its hydro- 
)tic products and also combined with 
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proteins and lipids. Intracellular fats vary 
from minute droplets of neutral fats in 
many types of cells to large accumulations 
in the fat cells which are specialized for 
the storage of these substances. Although 
more complex lipids as sterols and phos- 
pliatids arc widely dispersed in cells, only 
rarely can they be demonstrated by visual 
means. 

Protoplasm ccuitains much potassium, 
very little sodiu'ii small amounts of mag- 
nesium and rv'*n calciMU; the heavy 
mcloK ai'* pic-r-nt in traces. Of the 
anions, bn .irlK)riate and phosphate pre- 
dominau <hii>ride is present in very 
small ail 'i-Uy f at all. This contrasts 
slrongK \‘i'h tlie body fluids in which 
sodium e-pecially the chloride, pre- 
dominate I I'lfi 36) . 

It is frequemb slated that protoplasm 
is a complex cf)lloidal system which pro- 
\idi*> a varieh of interfaces and phase 
boundaries at whicli biochemical reac- 
tions take place. But such a concept is 
hardly adequate in view of the degree of 
integration of the activities which exists 
in living s)slems. It has therefore been 
postulated that cells have some kind of 
macromolecular skeleton which provides 
numerous surfaces of highly specific con- 
figuration arranged as a more or less con- 
tinuous phase permeated by components 
in true solution. If such a “cytoskeleton” 
exists it would have to be in dynamic 
equilibrium W'ith the more fluid continu- 
ous phase. In a sense the architecture of 
the cell is that of a factory carrying out 
certain processes in connection with cer- 
tain specialized structures, but it is a fac- 
tory in which the raw materials, the ma- 
chinery, and the end products are con- 
tinually interchanging. 

The use of isotopic tracers has led to 
the view that cellular structures and their 
chemical reaction systems are in dynamic 
equilibrium with an intracellular pool of 
metabolites composed of many small or- 
ganic molecules. Thus the significance of 
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ihe classical distinction between endog- 
enous metabolism and exogenous metabo- 
lism disappears (Scboenbeimcr) , 

In the transformation from food sub- 
stance to constituents of living protoplasm 
and in the numerous metabolic processes 
furnishing energy, a fundamental compo- 
nent of each of the mechanisms is the 
enzyme which catalyzes the reaction. Now 
the variety of systems which operate si- 
multaneously in a single cell is relatively 
large compared to the number of distinct 
morphological structures which wc can 
distinguish optically. Furlhcrtnorc, since 
in many metabolic reactions there must 
be a coupling between the energy produc- 
ing (erergonfe) oxidative reactions and 
the energy using (endcrgonicl synthetic 
processes, some sort of structural organ- 
ization. such as a **cyUiskclcton,” is re- 
quired to compartmentalize tlic processes. 
This concept o! a cytoarchUccturc is com- 
patible with the observed specificity of 
many enzymes. Among the more impor- 
tant groups of enzymes are those catalyz- 
ing oxidations, reductions, hydrolyses and 
phosphorylations; esters arc split by ci- 
lerascs and peptide bonds by peptidases, 
etc. It may be assumed that reversal of 
the hydrolytic processes is frequently ac- 
companied by (coupled lol exergonic re- 
actions. 

Several qualitative bistochemical meth- 
ods have demonstrated the presence of 
particular enzymes, notably phosphatase, 
within cells and tissues. It is, however, 
difficuU to deduce the physiological role 
of the enzymes from their localization in 
relatively high concentration tcf. Dan- 
ieliiK Actually, the demonsti ation of a 
spatial correlation between morphologi- 
cal units and chemical mechanisms in- 
volves numerous difficulties of practical 
and theoretical nature. A , i^e literature 
of ciicumstantial evidence relating the 
configuration of cellular structures to 
processes significant in particular tissues 
is accumulating rapidly. (See reviews by 


Dempsey and WislockI; Moog.) It is also 
evident from the biochemical differences 
observed between the metabolism of tissue 
slices, minces, and extracts that certain 
processes arc inactivated (and others 
initiated) when cellular organization is 
disrupted. Only after suitable precautions 
may the structural elements be isolated in 
more or less intact condition for examina- 
tion of their chemical mechanisms. 

In multicellular animals, and more par- 
ticularly in the higher forms, there is a 
wide variety of cells specialized for the 
execution of particular functions. Tliese 
may be classified as dealing primarily 
with (1) the vegetative existence of the 
cell, (2) its growth and reproduction, and 
($1 Us special /imcfions. The vegetative 
oclivtlics of the cell, defined as the mini- 
mum of activities necessary for its con- 
tinued existence, arc concerned chiefly 
with its energy metabolism (or respira- 
tion), with the assimilation of food and 
the elimination of waste materials. 

The processes by which energy Is re- 
leased from foodstuffs and made available 
for the needs of the individual cell and of 
the organism ns a whole involve the con- 
sumption of oxygen, the combustion of 
organic molecules, and the production of 
carbon dioxide and w'aler. Oxidation oc- 
curs either as the result of the addition of 
oxygen to a compound or of the loss of 
hydrogen from that compound. Cellular 
oxidation occurs largely as a result of de- 
hydrogenation. In the presence of a dcAv- 
drogenase a molecule of foodstuff is acti- 
vated in sucli a manner that hydrogen is 
transferred to a reversible oxidation-re- 
duction system (co-enzyme) ivhich be- 
comes reduced. Hydrogen is transported 
from the reduced co-enzymes to other 
enzymes which contain iron and, in the 
piesence of these, it combines with oxj'- 
gen. Carbon dioxide production probably 
occurs as the result of spontaneous or 
enzymatic decarboxylation of certain met- 
abolic intermediates. The co-enzymes are 
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thermostable, nonprotein, organic mole- 
cules which are derived from the water 
soluble vitamins. In general, it is likely 
that vitamins and minerals which are in- 
gested in traces function as co-enzymes 
for various cellular enzymes. 

By differential cenliifugalion of sus- 
pensions of cell fragments, one may ob- 
tain fractions which consist almost en- 
tirely of nuclei or mitochondria or micro- 
somes (submicroscopic granules) and 
certain other granules. By this means 
mitochondria of guinea pig Jiver have 
been isolated and found to contain 65 per 
cent protein by dry weight and 35 per 
cent of fatty substances, high in phos- 
pholipids. Analyses of mitochondria of 
liver of other animals have given similar 
results. Mitochondria probably vary in 
composition according to the cell type in 
which they are found. 

The relation between mitochondria and 
enzymes has been extensively investigated 
but it is only in a few instances tliat defi- 
nite quantitative evidence has been pre- 
sented. Most, if not all, of the cytochrome 
oxidase and succinic acid oxidase activity 
has been found to be associated with 
mitochondria. On the other liand, in 
many cells the enyzraes hydrolyzing di- 
peptides are uniformly distributed in the 
cytoplasm rather than localized on visible 
granules. The same is true for catalase 
which decomposes hydrogen peroxide. 
Houever, the enzyme amylase in araeba 
was found not to be uniformly distributed 
in the cytoplasm. 

Numerous syntheses take place within 
cells. To a certain degree, as in the elab- 
oration of proteins for the protoplasm of 
the individual cell, these syntheses are 
common to all cells, but there is also a 
high degree of specialization in the syn- 
thetic processes carried on within cells. 
The degree to which the organism as a 
whole can provide for its complex needs 
is indicated by the facts that animals can 
be kept alive and in excellent health with 


all dietary nitrogen furnished in the form 
of pure amino acids, and that many of the 
amino acids themselves can be synthesized 
in the body. Similarly, the animal organ- 
ism can make transformations between 
proteins, fats and carbohydrates; indeed, 
it can synthesize carbohydrate from car- 
bon dioxide and water. ^ 

The end products of metabolism are 
chiefly carbon dioxide, water and urea. 
These substances diffuse readily through 
cell membranes, and no process, other 
than diffusion, is necessary for the indi- 
vidual cell to rid itself of these end prod- 
ucts. In the higher animals, however, 
many cells are specialized for the removal 
of waste products from the body. 

Nucleic Acids. Nucleic acids are of 
primary significance in the cell; they fall 
into two major categories: (1) Thymonu- 
cleic acid {desoxyribonucleic acid) is 
composed of 4 nucleotides, each of which 
contains phosphoric acid, desoxyribose 
and one of the 4 bases thymine, adenine, 
cytosine and guanidine; (2) ribonucleic 
acid (yeast nucleic acid) is similarly con- 
stituted with ribose as the sugar and with 
uracil replacing thymine. Nucleic acids 
occur naturally combined with basic pro- 
teins in the form of nucleoprotein. Dilute 
solutions of nucleoproteins are very vis- 
cous. 

Ultraviolet microscopic absorption 
spectroscopy as developed by Caspersson, 
has provided a useful device for analysis 
of tlie distribution of nucleic acids in the 
nucleus and cytoplasm. Studies by this 
method, coupled with analytical fraction- 
ation procedures and the use of specific 
enzymes {ribonuclease by Brachet) have 
gone hand in hand with advances in 
microbiology and genetics to indicate the 
chemical constitution and biochemical 
role of nucleoproteins in the nucleus and 
in the cytoplasm. 

Tlie demonstration of variations in the 
concentration of nucleoproteins (actually 
of purine and pyrimidine bases) in nu- 
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cleus and cytoplasm has resulted in the- 
ories involving nucleoproteins in the 
synthesis of proteins (see especially Hy- 
den). But since we are still in ignorance 
of the manner of formation of a simple 
peptide bond, any theories on the mechan- 
ism of protein synthesis must be con- 
sidered as tentative. Plasmosin, renosm, 
and hepatosin were found to be organ 
constituents after isolation by the meth- 
ods used by Bensley and Szent-Gyorgyi. 
Further refinements of the procedures led 
Pollisier and Mirsky to extract from the 



Fig. 13. Dark-field photomicrograpli of plasmosin 
fibers. 22 X" After Bensley (1938). 


organs a substance they called chromosin, 
which they consider to be a constituent 
of chromatin and to contain polymerized 
desoxyribonucleic acid. The term geno- 
protein T has been given by Stern to the 
desoxyribonucleoprotein obtained from 
thymus by a method claimed to yield the 
substance in the native state. 

Experiments involving the quantitative 
analysis of nucleoproteins of tissues, not- 
ably of liver, have shown that these sub- 
stances in the cytoplasm and in the nu- 
cleus exchange radioactive phosphorus 
Avilh the inorganic phosphate of the cell. 
According to some authors ribonucleic 


acid is the normal precursor of desoxy- 
ribonucleic acid, but this has been denied 
by others. (See Brachet for nucleopro- 
teins during development.) 

CELL DIVISION 

Tl«c usual mode of cell division is hy a 
complex process called mitosis or indirect 
division in contrast to the mucJi less fre- 
quent direct division or amitosis. 

Mitosis. Tlie most prominent parls in 
this process are played, at least at first, by 
the ccntrioles and the nucleus. Mitosis con- 
sists of four main stages: 1. Prophase. 
Tlie ccntrioles .‘•eparote from each other 
with the formation of attraction spheres 
around each of tliem while the chromatin 
masses change into chromosomes whose 
number Is constant in a given species, and 
is 48 in man (Painter), 2. Melaphasc. 
Each chromosome splits into two equal 
parls. 3. Anaphase. The halves of a par- 
ticular chromosome separate and each 
half approaclics one of the two ccntrioles 
which have migrated in the meantime to 
opposite poles of tlie cell. 4. Telophase. 
The formation of the two daughter nuclei 
and the division of the cytoplasm into 
masses surrounding each daugther nucleus. 
Wassermann (1929) recognizes five main 
stages in mitosis: (1) prophase, (2) 
metakinesis, or movement of chromo- 
somes into (3) metaphase, (4) diakinesis, 
or movement of the chromosomes into 
(5) telophase. He thus separates two 
kinetic periods from the three relatively 
static stages. 

The details of mitosis can best he under- 
stood by a study of the accompanying diagram 
(Fig. 14), In this schema, a indicates a resting 
cell; it shows the nucleus with its oxy- and basi- 
chromatin, a round nucleolus, and the attraction 
sphere with two connected ccntrioles. In the 
prophase (6) the ccntrioles separate, the forma- 
tion of the attraction rays or asters takes place 
about them, and a great change develops in the 
nucleus by the chromatin becoming arranged 
into long threads; this is called the spireme stage 
of the nucleus (Fig. 15). 
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Oa comparing fl and 6, it becomes obvious that tween the cenlriolcs. Each of the chromosomes 

there has l>een a {treat increase in basophil ma- splits longitudinally; this is perhaps the most 

terial. This is explained as being due to the con* striking part of the whole phenomenon. Although 

version of oxychromatin into basichromatin. But the medianism of this longitudinal splitting is 

ultraviolet absorption studies which do not dis- unknown, it is of fundamental importance with 

tinguidi oxy- and basichromatin, show that there regard to some of our ideas on the mechanism of 
is an increase of nucleic acid in the nucleus dur- heredity. 

ing tlie prophase, at least during spermalo- In the next stage, the anaphase (e, /), the 
genesis. halves of each of the chromosomes separate and 

During the tran«ition from the prophase to the are drawn, or at least moved away, from each 
meiaphase (e) the nuclear mcmhrane dissolves, other toward the two centrioles and, at the same 



Fig. 14. Diagram showing the various stages of nvitosist o. Resting cell; 6, prophasc (spireme) ; 
c, transition from prophase to meiaphase; d, metaphase, longitudinal splitting of chromosomes; e, /, g, 
anaphase; e, beginning separation of the split chromosomes; /, diasler; g, chromosomes approaching 
the centrioles; A, telophase with reconstruction of the daughter nuclei; i, daughter cells connected 
only by the intermediate body of Flemming. 

At this stage the rays emanating from the region lime, the single centrioles in each half of the cell 
of the centrioles are beginning to penetrate the divide into two; this is in preparation for the 
area occupied by the chromatin threads. next cell division which, however, may be some 

In the metaphase (d) the astral lines radiating lime off. It may be recalled that in the resting 
from the two attraction spheres about the cen- cell there are usually at least two centrioles. 
trioles extend in all directions and are particu- In the last stage, that of the telophase, the two 
larly numerous in the zone connecting the two daughter nuclei liegtn to form As the chromatin 

centrioles. This zone is known as the spindle. threads or chromosomes begin to break up into 

Suspended in the spindle are the chromosomes irregular bodies, nucleoli appear in each of the 

(chromatin threads) which at this time lie in one daughter cells and, through a progressive con- 

plane called the equatorial plate, midway he* striction of the cytoplasm (»), the two daughter 
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cells separate from each other, hcmg attached for 
a time hy a small acidophil body %<rhich stains 
black Tviih iron hematoxjlin. This is the 
mediate body of Flomniing. 

Tile abore description of the various phases of 
indirect division was obtained from the study of 
fixed and stained material. "U’ith the aid of the 
tissue culture method it has been shown that this 
process can actually be ob*encd in the living 
cells. Figure 18 represents repeated drawings 



Fig. 15. Spireme of a spermatogonium of a sab 

amander. 1080 X- Redrawm after Prenani. 

made at frequent intenaJa of the same cell in s 
tissue culture. 

Of particular interest in this process, as fcen 
in living cells, is the appearance at the cell per* 
ipliery of short cj-toplasmic processes. These arc 
extruded and then retracted from various parts 
of the cell. These changes in (he dinding cell, 
when studied by means of moving pictures pro- 
jected much faster than they were photographed, 
are so violent that they have been described as 
“bubbling." 

The cleavage of cytoplasm in animal 
cells usually occurs by a constriction; the 
various inclusions and organoids of the 
cell body are distributed to the two 
daughter cells in more or le*-" equal 
amounts. 

In multipolar mitosis there are more 
poles than the two which are normally 
present. With few exceptions multipolar 
mitosis is an indication of a pathologic 
process. 

In the iiv’ing, resting nucleus, the chro- 


matin masses seem very indistinct e.tcept 
with pljase microscopy. Direct observation 
of dividing nuclei by ordinary micros- 
copy shon-8 the chromatin masses very 
casHy {Fig. 18). 

As a result of mitosis, the cliromatin 
material, ^vliich is generally regarded as 
the carrier of the hereditary factors of the 
cell and of the organism, is divided 
equally between the two daughter nuclei; 
tliis depends primarily upon the longi- 



Fig; 16. Equatorial plate with 48 chromosomes, 
including the Y-chromosonje. from a dividing 
niesench>me cell of a male human embr^'o of 
about 20 mm. Iron-hematovylin etain. 3600 X. 
After Evans and Swezy. 

tudinal splitting of the chromosomes, 
which permits a given hereditary unit to 
be divided into two equal parts. The 
mechanism causing this division of the 
chrontosomes — as indeed of the U'hole 
initoiic process — is unknown. 

For details of the participation of the 
chromosoRjes in the mechanism of hered- 
ity, the reader is referred to general 
uorks on cytology and heredity and espe- 
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daily to the book of Sinnott and Dunn, nucleic acid and the pale ones free of it. 
The mapping of the genes in the giant The bands may be clearly seen in some 
chromosomes of the salivary glands of living cells with phase microscopy (Fig. 



Fig. 17. Dividing spermatogonia of a salamander. Above, two stages In the anaphase; below, two 
stages in the telophase. 1000 X- Redrawn after Prenant. 
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Fig. 18. Successive stages in the mitosis of a mesenchymal cell from a chick emhr>o of seven 
days, in tissue culture. The figures indicate the time at which the drawings were made from the living 
cell. After Levi. 

Drosophila is described in the papers of 19). The peculiar divisions which occur 
"Painter and of Bridges. Ultraviolet ab- during the development of the sex cells 
sorption studies have shown that the dark are discussed in the section on the Gen- 
bands in these chromosomes are rich in ilal Organs. 
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lion, the epithelial tissue produces special plelely lost, but may become apparent in 
structures called glands. (See Chapter inflammation, tissue culture, or tumor. If 
XIII.) the term epithelium is used in a purely de- 

Early histologists described epithelium scriplive sense, as above, the student will 
as a layer of closely connected cells lining often find it difficult to understand how 
the cavities of the body. The term was the cells of many glands can be called epi- 
later extended to the similar layers cover* thelium. Accordingly, it might be advis- 
ing the body, and was further hroadeued able in many cases to distinguish between 
when it was shown that the vertebrate covering epithelium and glandular epi- 
{and most invertebrate) embryos pass thelium. 


Parietal cell Veseels of lamina propria 



Basement membrane 

Fig. 22. Basement membranes surrounding cross sections of fundic glands of Jiuman stomath. 
Bielschowsky slain for reticular fibers and bemalotj'bn. 1500 X. 

through a stage during rvhich they consist It is the unequal growth of these cpi- 
of three simple layers of cells— the em- thelial layers ^vhich produces the various 

bryonic germ layers called ectoderm, organs. Some folds grotv outward as evag- 

mesoderm and entoderm. As the embry'O inations, usually with a core of mesen- 

develops, these epithelial germ layers are chyme, the embryonic connective tissue; 

profoundly modified to form the organs others grow inward as invaginations into 

and tissues of the body. In some parts they the mesenchyme. An invagination may 

persist as epithelial layers; in other parts fuse at its mouth, severing its connection 

tiiey lose their epithelial arrangement with the ejiilhelium from A^hich it develop- 

permanently, Avhiie in still others the epi- ed. and so give rise to isolated epithel- 

thelial arrangement seems to be com- iai organs surrounded by mesenchyme. 



Chapter II 


EPITHELIUM 


EriTHELlUM usually consists of closely 
connected cells with but small amounts of 
intercellular substance. It forms the outer 
protecting surface of the body and all the 
glands, furnishes important parts of the 


38). The most important and general func- 
tion of the cpilbclial tissue is its patlicipa- 
tion in the metabolism of the body 
through the absorption of substances from 
the outside medium, ihcir modification in 



sense organs, and lines the walls of the the body, and the elimination of other 

internal cavities, except those which de- substances to the outside. All substances 

velop exclusively in and from the mesen- normally received and given off by the 

chyme, where the lining epithelium js body must pass through the epithelium, 

called endotkelium or mesothelium {p. For the performance of the secretory func- 
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ijon, the epithelial tissue produces special 
structures caiJed giunds. (See Chapter 
XUI.) 

Early histologists described epithelium 
as a layer of closely connected cells lining 
the cavities of the body, Tlic term was 
later extended to the similar layers corer- 
ing the body, and u'as further broadened 
^\hen it ivas shou-n that the vertebrate 
{and most invertebrate) embrj'os pass 


pletely lost, but may become apparent in 
inflammation, tissue culture, or tumor. U 
the term epilhehum is used in a purely de- 
scriptive sense, as above, the student will 
often find it difficult to understand how 
the cells of many glands can he called epi- 
thelium. Accordingly, it might be advis- 
able in many cases to distinguish between 
covering epithelium and glandular epi- 
thelium. 



Basement membrane 

Fig. 22. Basement membranes surrounding cross sections of fundic glands of human stomach. 
Bielschowsky stain for reticular fibers and hematoxylin. 1500 X- 


through a stage during which they consist 
of three simpie layers of ceils — the em- 
bryonic germ layers called ectoderm, 
Mesoderm and entoderm. As the embryo 
develops, these epithelial germ layers are 
profoundly modified to form the organs 
and tissues of the body. In some parts they 
persist as epithelial layers; in other parts 
they lose their epithelial arrangement 
permanently, while in still others the epi- 
thelial arrangement seems to be com- 


II is llie unequal growth of these epi- 
thelial layers ivhich produces the %-arious 
organs. Some folds grow ouHvard as evag- 
{nations, usually with a core of mesen- 
chyme, the embryonic connective tissue; 
others grow inward as invaginations into 
the mesenchyme. An invagination may 
fuse at its mouth, severing its connection 
with the epithelium from which it develop- 
ed, and so give rise to isolated epitheJ- 
ieil organs surrounded by mesenchyme. 
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Part of the outer germ layer, or cc/o- 
derm, curves inwaril to form the neural 
lube from ^v!ucll develop the efemenls of 
the bra'm and spinal cord. The rest of the 
ectoderm keeps its cpitliclial nature and 
gives rise to the epidermic, the lining of 
the oral cavity, and parts of the sense 
organs. 

The inner layer, the entoderm, fur- 
nishes the epithelial lining and the glands 
of the intestinal and respiratory systems. 

The middle layer or mesoderm kcejis its 
epithelial character in the epithelium of 



Fig. 23. Surface view of the simple squamous 
mesotliclium of a frog’s mesentery; tlie cell limits 
are stained black with sU>er nitrate, the nuclei 
are stained with picrocaimine. 390 X. 

the urinary and genital systems. Tlie part 
of the mesoderm u’hich lines the celom — 
the peritoneal, pleural, and pericardial 
cavities — is histologically an epithelium, 
but differs in some respects from the other 
types of this tissue and is called meso- 
thelium. A considerable part of the meso- 
derm is transformed into the striated mus- 
cular tissue and into the heart muscle, 
while another large part of it becomes the 
mesenchyme which gives rise to smooth 
muscle and the various types of connec- 
tive tissue, cartilage, bone and blood. 


The notochord, the axial supporting structure 
of the embryo, prohaldy ari«es from the totipo- 
tent tissue of tiic bla«topliore and behaves like a 
mesodermal derivative. 

Experimental studies of vertebrate de- 
velopment, especially as carried out on 
amphibians and to a lesser extent on birds, 
shotv that many of the cells in these em- 
bryonic germ layers have no inherent spe- 
cificity during early developmental stages. 
TImt is if they arc moved from one place 
to another they will often proceed to de- 
velop in conformity tvilh tlieir new sur- 
roundings, Tliese and similar interesting 
problems of development are discussed 
al length in the books by Weiss and Child, 
referred to al the end of the previous 
chapter. 

nnscinent Membrane. Between the 
epithelium and the underlying connective 
(issue there is u.sually a distinct basement 
membrane. This is a condensation, of the < 
intercellular, substance of ihe connective 
tissue al the surface of its contact with 
the epithelium and consists of on amor- 
phous ground substance and reticular 
fibers (p. 30). In ])cmatox)lin and cosin 
preparations the basement membrane 
often is hard to see, but special technics 
demonstrate it readily. In a cross section it 
appears os a definite boundary line of 
variable thickness between the two tissues 
(Figs, 22, 26). 

Some types of epithelium seem to lack a base- 
meni membrane (thyroid gland, excretory pas- 
sages of the urinary system) . In the sulcus spiralis 
extemus and in the stria vascularis of the cochlea, 
the epithelial cells send processes deep into the 
connective tissue. The original, simple, anatomi- 
cal relations between epithelium and connective 
tissue are also completely altered in most of the 
endocrine glands and in the liver. 

On the epithelial surface, the basement mem- 
brane at some places (skin, cornea) is provided 
with minute indentations into which fit corre- 
sponding, short outgrowths of the basal surface 
of the epithelial cells. In other places, as in the 
convoluted uriniferous tubules, the inner, homo- 
geneous layer of the basement membrane has cir- 
cular ridges which seem to fit into grooves on the 
bases of the epithelial elements. 
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In adult vertebrates the elements of the epi- 
thelium, especially of ectodermal and entoder- 
raal origin, and of the connective tissue are 
morphologically independent of one another and 
transformations between them are very rare. 

Types of Epithelial Tissue. As dif- 
ferent types of epithelium may arise from 
the same germ layer, as different germ 
layers may produce similar epithelial 
t)pes, and as the physiologic role of cer- 
tain epithelia has not been determined, the 
various types of epithelial tissue are best 
classified in terms of (a) the shape of the 
epithelial cells and (fa) their arrangement 
in the epithelial sheet. 
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in the vicinity of the nucleus (Figs. 23, 
24). 

2. Cuboidal Cells. The height is about 
equal to the width. When seen from the 
free surface they appear as small poly- 
gons; in a section perpendicular to the 
surface they have the form of squares. 
They are short prisms (Fig. 25) . 

3. Columnar Cells. The height greatly 
exceeds the width. In a section parallel to 
the surface the cells appear as small poly- 
gons (Figs. 26, 28, 29), in a perpendicu- 
lar section as rectangles. They are irregu- 
lar tall prisms. The end directed toward 
the underlying tissue is often tapering and 



Fig 24 Cross section of a rabbit’s mesentery; x, cross section of cell limits Iron-hematoxylm stain 
750 X. (A.A.M.) 


The Shape of Epithelial Cells. Epi- 
thelial cells in the living condition change 
considerably in shape if the surface they 
cover is subject to stretching and contrac- 
tion. Stretching flattens them; contraction 
permits them to gain in height. In the 
healing of wounds, in other pathologic 
conditions, and in tissue cultures, the form 
of an epithelial cell may change with its 
movement. 

Squamous, cuboidal and columnar epi- 
thelial cells may be distinguished. 

1. Squamous Cells. The height of the 
cell body is negligible in comparison with 
the other dimensions; the cell is a thin 
plate «ilh regularly or irregularly out- 
lined edges. In profile it looks like a slen- 
der rod which is usually slightly thickened 


pointed, or irregularly angular and 
branched. Cells of a fairly regular cylin- 
drical shape are found in the epithelium 
of the higher sense organs. On curved sur- 
faces the columnar and cuboidal cells as- 
sume the shape of truncated pyramids 
whose thin ends are directed to either the 
free or the fixed surface. 

Transitional forms between these three 
types abo occur. All three forms may be 
provided on their free surface with motile, 
hairlike outgrowths called cilia 'or with a 
brush border (p. 35). 

Arrangement of the Cells in Epi- 
thelial Sheets. The cells of an epithelial 
sheet may be arranged in one or several 
layers. A sheet consisting of one layer of 
cells is called a simple epithelium of which 
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the follou'ing types are based on the shape When the epithelial sheet consists of 
of the cells: simple squamous, simple cu- several layers of cells it is called a strati- 
hoidal, and simple columnar epithelium- fied epithelium. Important in the mam- 
The last type may have cilia on the free mals are the stratified squainous and 



Fi^. 25. Semlschematic iliagram of simple cuboidal epitlicHuin, bai^ecl on a section uf tlie papilla of tlie 
kidney of a cat. Iron-lieinatoxylin stain. RcdraHti and slightly modified after Stbhr-v. MiillcndorfT. 



Fig. 26. Semischematic diagram of the columnar epithelium of the small intestine of a mouse. 
The striated border has been removed in the right half to show the network of terminal bars. Iron* 
hematoxylin stain. Redrawn and slightly modified after Stolirv. MbllendorlT. 



Fig. 27. Diagram of the arrangement of cells in the pseudoMratified ciliated columnar epithelium. 
Redrawn and slightly modified after Stohr-v. Mo’IIendorff. 

surface of the cells; it is then called stmp/e stratified columnar epithelium; the latter 
columnar ciliated epithelium. All of the at times may have cilia. A major example 
cells in a simple epithelium touch tlie of the stratified columnar epithelium is the 
underlying tissue. (See Figs. 25 to 29.) so-called “transitional” epithelium of the 
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excretory passages leading from the kid> 
ney (see No. 10 which follows), fn the 
stratified epithelia only the cells of the 
lo^vest layer touch the underlying tissue. 

In the pseiidoslratified columnar epi- 
thelium (often presided with cilia) the 
cells seem to be arranged in more than 
one layer, but all of them touch the under, 
lying tissue. (See Fig. 27.) 

1. Simple Sguamoui Epilhelium. 'Hun, plaJe- 
UVe cells ate arranged in one lajer on the stif' 
face of the conneclwe tissue and adhere closely 
JO one anolher by llieir edges. On examination 
from the surface, especially after the cell liroils 
are stained iviilv silver nitrate, a typical mosaic 
pattern is seen. The individual cells have rejmlar 
(usually hexagonal) or Irregular, wavy outlines 
and each contains a nucleus (Fig. 2d). In perpen- 
dicular sections a thin stripe is seen, subdivided 
into small parts whitb correspond to the single 
cells A given section will not pass through the 
nuclei of all the cells. In profile the contracted 
cell is a plump spindle (Fig. 24) . 

An epithehum of this variety is found in the 
human body on the inner surface of the wall of 
the mernbranous labyrinth and on the inner sur- 
face of the tympanic membrane of the ear ; on the 
parietal layer of the capsule of Rowman, and in 
the descending limb of the loop of Henle in the 
kidney; in the rete testis, and in the smallest ex- 
cretory ducts of many glands. 

The mesotfieduTn lining the seious eavUves the 
nies<nc/i>mof epithelium lining cavities in the 
connective tissue, and the cndol/iefial cells fining 
the walls of the blood and lymph vessels— all 
three groups being squamous cells— are also con- 
sidered by many authorities to he true epitlieliuro. 
However, despiip ibe siruclural similarity, these 
elements differ in origin and deielopmenfal po- 
tencies from true epithelium (p. 38). 

2. Simple Cubotdal EpUkehum^ Tlie low pris- 
matic cell bodies adhere to one another by tlielt 
lateral surfaces. On the free surface this epi- 
thehujn appears as a mosaic of small, usually 
hexagonal polygons; the rihbon-like cross section 
of the sheet is subdivided into squares. (Fig. 2S). 

This epithelium is found in many glands, as 
in the thyroid, on the free surface of the ovary, 
on the cliotioid plexus, on the inner surface of 
the capsule of the len«, in some areas of the 
labyrinli), in llie excretory ducts of many glands 
and as the pigmented epithelium of the retina. 
The secreting epithelium in the terminal portions 
of many glands can often )>e placed m this class 
although the cells here usually have the form of 


truncated pyramids. 

3. Simple Columnar Epithelium. The tail pris- 
matic cells adhere to one another by their lateral 
suttaces. In sections parallel to the surface is 
seen a mosaic much like that in other simple 
epithelia (Fig. 26). In sections perpendicular to 
the surface the tall rectangles stand uprigiit like 
fence palings. In many cases the ova! nuclei are 
at approximately the same level. 

Such an epithelium lines the surface of the 
digestive tract from the cardia to the anus and 



Fig. Columnar cpitheHum from the intes- 
tine of a rat, showing striated border, terminal 
bars, and filamentous supranuclear, and granular 
infranuclear mitochondria. Iron-hemaloxylm 
stain. 1000 X- (A.A.M.) 

is also common in the excretory ducts of many 
glands. 

4. Simple Columnar Cihoterf Epitfiefium. Like 
(3) abo\-e, except that the free surface of the 
cells is provided with cilia. Found in the uterus 
and oviducts, in the vmall btonclii, in some of 
the nasal sinuses, and in the central canal of the 
spinal cord. 

5. Stroti^eif Squamouj £pi'i/ie/ium. The epithe- 
lial sheet is thick, and a perpendicular section 
shows the cells to be very unequal in form (Fig. 
30) . The layer next to the underlying tissue con- 
sists of cuboidal or even columnar cells, some- 
times with rounded upper ends, as in the cornea. 
Then follow a varying number of layers of more 
or less irregular, polyhedral cells, often provided 
with excavations which fit the convex surfaces of 
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their neighbors, or with Jong stalks ottacJied to 
the basement membrane. Tljc nearer to llic free 
surface, the more the ceiis are ^attencih The 
superficial lasers consist of thin, squamous cells. 

This epithelium is found in the epidermis, the 
mouth, esopliagus, a part of the epiglottis, a part 
of the conjunctiva, the cornea, the vagina, and a 
part of the female urethra. 

6. Strotj/ied Cofumnor Epit/icffum. The deeper 
la)er or ia>ers consist of small, irregularly poly' 
hedral or fusiform cells which do not reach the 
free surface. The supcrficul ceils 'arc tall and 


cells is provided with cilia (Fig. 32). It is found 
o« llic upper (nasal) surface of tiie soft palate, 
in the larynx and, transiently, in the fetal 
csopluigus. 

8. 1‘seutlostTatiftcd Columnar Bpitlielium, In 
tlic p«cU(iostralificd epithelium the nuclei arc at 
dilTerent levels and the cells lack uniformity 
(Fig. 27), Some of the cell*, while attached to 
tlie underlying connective tissue, may lose their 
connection witli the free surface. TJic«c suh^tiiut- 
ing or supporting cells arc covered hy the tall, 
superficial cells. In a perpendicular section, the 


Goblet cell with muclgen 



Fig. 29. Perpendicular srclmn of the simple columnar epiihehum of the intestine of the axolotl. 
The lateral surfaces of the epiihehal cells are ‘ligluiy detached from each other and in the interceliular 
spaces protoplasmic brnipea are seen 750 X (A.^ M.) 


prismatic and are not connected wjlli the under- 
lying tissue IFig. 43J> Tins epithelium !•> rare 
and covers small surfaces. It i. found m tin foinix 
of the conjunctiva, in the cavernou' part uf the 
urethra, m some phaces in the anal mucous mem- 
brane, in the plutrynx, on the epiglotti'., and in 
the large excretorv ducts of some glands Some 
authors place the epilliehum of the enamel ••laan 
in this group. 

7. Stratified Columnar Ciliated Epit/nlium 
The cells are arranged as m the preceding tvpe. 
but the free surface of the superficial columnar 


lauclei form ^evetai rows. Owing to mutual pres- 
sure. the cells may become very irregular in shape 
and the tissue may appear to be stratified. Such 
an epitiielium occurs in the large excretory ducts 
»f «everal glands (parotid) and in the male 
urpthia. 

9 Pseudosiraiified Columnar Ctfmfed Epithc 
hum Exacily as in (8> except that the free 
surface of the ceils is provided with motile or 
noninotile edia (Fig 27), Found on the greaier 
part of the mucous membrane of the respiratorv 
pa-sagex, m the euslachian lube, in a part of the 
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tympanic cavity, in tlie lacrimal sac, and In the 
excretory passages ol the male sexual system. 

10, Transitional Epithelium. So called because 
it was supposed to represent a transition between 
the stratified squamous and the columnar epi- 



Fig. 30 Stratified squamous epitlielmm of ibe 
cornea of a monkey. Diplosomes above the nuclei, 
fledrawn after Zimmermann 

tlielia. As it is found on tlie walls of hollow organs 
which are subject to great mechanical changes 
by contraction and stretching, Us appearance 
varies greatly. In the contracted condition it con- 
sists of many cell layers. The deepest dements 


be distinguished: a superficial layer of large 
squamous eiemenia over a layer o{ irregular, 
cuboidal cells. Some investigators believe that the 
superficial cells are connected with the under- 
lying tissue !iy means of thin stalks and that this 
epithelium is accordingly of the simple type. 

The transitional epithelium is characteristic 
of the mucous membrane of the excretory pas- 
sages of the urinary sy stem from the renal calyces 
to the urethra. 

The above classification applies only to 
tbe epUhelia of the higlier vertebrates. In 
chronic inflammatory irritations or in 
some neoplasms, one type of epithelium 
may change into another through the 
process of melaplasia. Thus, the columnar 
bronchial epithelium may change into the 
stratified squamous. 

Inner Structure of Epithelial Cells, 
The nucleus is generally single and of 



Fig. 31. Isolated cells from the stratified squamous epithelium of tlie cornea of the ox: a. Basal 
edis; 5, cuticutai liotdet; 6, club-shaped cells; c, cell wUh wing-siiaped processes and vvitii a tliin 
stalk attached to the basement membrane; d, similar cell from one of the more superficial cell layers; 
e, prickle cells in profile; /, same in surface view; g, squamous cell; h, superficial flattened cell. 
740 X. After Schaffer. 


have a cuboidal or even colbmnar shape, then fol- 
low several layers of irregularly polyhedral cells 
while the superficial layer consi-its of large cells 
with a convex free surface and excavated bevels 
fitting the sulijacent polyhedral elements. In the 
•Iretchcd condition, usually only two layers can 


simple shape. In the squamous cefls it is 
an oval disk; in the cuboidal cells it is 
spherical; in columnar ceils it extends 
along tlie cell axis and may appear cylin- 
drical. Epithelial cells with several nuclei 
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somelimes occur (liver cells, jvarielai 
cells 1. The cell center, represented by a 
diplosome, is usually located above the 
nucleus and in columnar cells may occupy 
a position directly under the free surface. 

iUitoc/iondrin arc usually abundant. In 
squan)ous cells tliey surround llic nucleus, 
in columnar cells they are arranged 
mainly above ojuI bclou it. The longer 
mitochondria are usually parallel to the 
axis of the cell body. A Golgi net is aUvays 
present, tj pit-ally above the >'**•* il 



Fig. 32. SlratifieiJ columnar ciliated cn«l>ehum 
from the laryngeal sur/jce ot the of a 

ihirty-one-ncek human embryo. 795 X- After 
V. Patzelt, from Schafrer 

may surround the nucleus in the fomi of a 
loose basket. 

Tonofihrils are fairly conunon m epi- 
thelial cells- They are suppo-^ed b\ some 
to ghe the soft cell body .a n«jd ’•upjmrl- 
ing fratue^\o^k, white others believe them 
to be only tension striae in the c>!ujjlai>m. 
They reach an especially high develop- 
ment in the stratified squamous epithelium 
where tliey form parallel or wavy bundles 
which pass from one cell body to another 
through the intercellular bridges. 


A peculiarity of all epithelial cells is 
iheir polarity — the fact that the “proxi- 
mal” side of the cell attached to the under- 
lying tissue differs from the “distal” side, 
directed toward the free surface. Tlie cell 
axis, or imapinary line connecting the.'e 
two sides of the cell, is usually perpen- 
dicular to the surface of the epithelial 
sheet. 

Hic polarity of epithelial cells results 
from their arrangement in sheets, for the 
two surfaces of a sheet of ecu'* cannot have 
the same conditions of existence. The po- 
larity manifests U«cK by the arrangement 
and the shape of the mitochondria at the 
base and at the lop of glandular cells, by 
the unilateral position of the cyloccntrum 
and the Golgi net, etc. Generally, the 
proximal cud of an epithelial ccl! is less 
dilTcrcntioicd am! therefore, more similar 
in the various types of epithelium, reflect- 
ing the fact llint the proximal end is 
mainly inMrumenlal in the reception of 
the nutritive material, which must ahvays 
be similar. Tlic distal part, on the con- 
trary, is subject to manifold e.xternal in- 
fluences and in its protojiiasm, above the 
nucleus, npjiear the different products of 
metabolism whicli are specific for each 
kind of epithelium — the secretory inclu- 
sions, the culicular formations, etc. 

The general structure of the epithelial 
cleiuenis just described presents innumer- 
able vanations due both to the special 
tj(ie of epithelium and to changing func- 
tional conditions. The details of tb«se vari- 
atiuns are described with the structure of 
the various organs in the chapters on spe- 
cial hij«loJogy. All the types of inclusions 
nwntumed in the introduction of this book 
may occur in and profoundly modify the 
strucime of epithelial cells. 

The Free Surface of EpillieJial 
Celts. Structures niay develop on the free 
surface of epithelial cells by (1) specific 
m^difiraiion of the superficial layer of 
protoplasm and (2) formation of mem- 
brane-iike products of secretion (cuticles i . 
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1. Specinfisnlion o/ the Superficinl 
Protoplasm. The simplest o! the first 
group of structures is a thin layer of con- 
densed protoplasm on the free surface. 
This is not a true membrane which can 
be isolated. In a peipendicvklar section it 
appears on the free edge as a thin re- 
fringenl line- As an example, the super- 
ficial cells of the transitional epUhelium 
of the urinary bladder show such a con- 
densed cytoplasm at their free surface. 

In all vertebrates the cells of the simple 
columnar intestinal epithelium have a dis- 
tinct layer of modified protoplasm, the 
striated border, on their free surface. In a 
section the border shows a tegular, fine, 
perpendicular slriation, and is supposed 
to consist of minute protoplasmic proc- 
esses bound together by a cement sub- 
stance (Figs. 26, 28). Presumably, it 
plays an important role in the absorption 
of nutritive substances from the intestinal 
cavity. 

A somewhat similar structure— a brush 
border — is found on the free surface of 
the epithelial cells of the main segment of 
the urimferous tubules of the kidney (Fig. 
425). This structure seems to change con- 
siderably according to the functional con- 
dition of the tubules. It consists of non- 
motile, hairlike outgrowths which stand 
upright in the fashion of a dense brush 
and are provided at thfeir base with small 
granules. The brush border is supposed to 
be instrumental in the absorptive activity 
of the epithelium. A similar brush border 
has been described on the surface of the 
mesothehum (Fig. 24 1 and on the epi- 
thelium of the placental villi. 

The highest structural differentiation of 
the free surface of the epithelium is 
reached in the ciliated cells (Fig 32}. 
These carry on their free surface a large 
number of cilia, i. e., thin, usually motile, 
processes. The length of the cilia in differ- 
ent types of epithelium varies consider- 
ably. Their substance is homogeneous, al- 
thougfj an a\ia! filament or a cross stria- 


lion has sometimes been described. As a 
rule, at the base of each cilium, in the 
superficial layer of protoplasm is a small 
thickening, the fca5n/ corpuscle. It has a 
high refractive index and stains black Mtli 
iron hematoxylin. 

The movement of the cilia, which pro- 
pels a constant stream of mucus or other 
liquid secretory material, consists of a 
rapid effective beat and a slower recovery 
stroke, always in one direction. The beat 
of each cilium begins slightly later than 
the beat of the one which precedes it in 
the direction from which movement pro- 
ceeds, so that the beating move« across the 
ciliated surface in rapid and regular 
waves. If the connection between the cells 
in the path of the movement is severed, the 



Fig. 53. Tlitee epithelial cells with central 
flageiU (tom a utmaty tuiiule of the meKinephros 
of a rabbil embryo of 9.5 nim. 1500 X. (A.A M.) 

waves in the separated areas become inde- 
pendent. The basis of the ciliary move- 
ment IS not known; it is probably much 
the same as that in the muscle cell. 

In the respiratory passages the ciliary move- 
ment drives the mucus toward the moutir and 
with It are eliminated the particles of inhaled 
dust winch stick to tiie mucous membrane. In 
the ducluli efferenies of the testis Uie ciliary 
moTement proliabiy helps to forward the spentiia 
from the lete testis lo the duct of tlic epididymis. 

In the epididymh the epithelium carries long, 
nonniotUe cilia which are supposed to help in the 
eliminaltOR of the secretion from the cells. 

Hie nonmatile hairs of the epithelium of the 
maculae and the enstae in the inner eat serve as 
receptors of Mbtatory stimuli and transmit them 
to the cetl body. 

In the sume category of structures are the 
central flogeUa, which have been found in many 
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somelimes occur (liver cells, parietal 
cells). The cell ceulcr, represented by a 
diplosomc, is usually located above the 
nucleus and in columnar cells may occupy 
a position directly under the free surfoce. 

Milochonilrin are usually abundant. In 
squamous cells they surroiitid the nucleus, 
in columnar cells they arc arranged 
mainly above and below it. Tlic longer 
njilochondria are usually parallel to the 
axis of (lie cell body. A Co/g/ net is nluny.s 
present, topically above the nucleus, or it 


'■ .. :f»\. 



Fjg. 32. Stratified colmnnar ciliated cpUlictium 
from the laryngeal duiface of tlio epjgloltia of o 
thirty one-A>eek liuinan embryo. 795 X- After 
V. Palzelt, from ScliafTer. 

may surround the nucleus in the form of a 
loose basket 

Tono/ibrils are fairly common in epi- 
thelial cells. They are supiJo«i’(l b> some 
to give the soft cell body a rigtd. support- 
ing franteu'ork, while others believe (hem 
to be only tension striae in tlte C)toplasni. 
They reach an especially liigh develop- 
ment in the stratified squamous epithdium 
where they form parallel or wavy bundles 
which pass from otte cell body to another 
through the intercellular bridges. 


A peculiarity of all epithelial cells is 
their polarity — the foci that the “proxi* 
ntnl” side of the cell attached to the under- 
lying tissue differs from tlje "distal” side, 
directed toward the free surface. The cell 
axis, or imaginary line connecting these 
two sides of the cell, is usually perpen- 
dicular to the surface of the epithelial 
sheet. 

Tlic polarity of epithelial cells results 
from their arrangement in sheets, for tlje 
two surfaces of a sheet of cells cannot have 
the same conditions of existence. The po- 
larity manifests itself hy the arrangement 
and tlic shopc of tlic mitochondria at the 
base and at the top of glandular cells, by 
the unilateral position of the ci’toccnlrum 
and the Colgi net, etc. Generally, the 
proximal end of an epithelial cell is less 
differentiated and therefore, more similar 
in the various types of epithelium, reflect- 
ing the fact that the pro.xirnal end is 
mainly instrumental in tlje reception of 
the nutritive material, which must always 
be similar. Tlic distal part, on the con- 
trary, is subject to manifold external in- 
ffiicnccs and in its protoplasm, above the 
nucleus, appear the different products of 
metabolism which arc specific for each 
hind of epithelium — the secretory inclu- 
sions, the culicular formations, etc. 

The general structure of the epithelial 
elements just described presents innumer- 
able variations due both to the special 
(yjMj of epj'thelium and to changing func- 
tional conditions. The details of these vari- 
atvons arc described with the structure of 
the various organs in the chapters on spe- 
cial histology. All the ty'pes of inclusions 
mentioned in the introduction of this book 
may occur in and profoundly modify the 
structure of epithelial cells. 

Tlic Free Surface of Epithelial 
Ceils. Structures may develop on the free 
surface of epithelial cells by (1) specific , 
modification of the superficial layer of 
protoplasm and (2) formation of mem- 
brane-like products of secretion (cuticles ( . 
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uleitne mucons nieralirane ai tlie beginning of 
pregnancy anrf in some areas of tlie ectoderm of 
theemhnn (tropliolilast). 

Terminal Bars. In various kinds of 
epithelium stained n’ith iron hctnatoxylin. 
the free surfaces of the single cells are out* 
lined hy black lines different from those 
appearing after the action of silver nitrate. 
They arc smoothly outlined rods of a 
dense cement substance \vhich solders the 
edges of the cell surfaces, and are called 
terminal bars (Fig. 25) because they are 
suppo'icd to close the intercellular spaces 
on the free surface. 

The terminal bars, \vhen stained with 
iron hematoxylin, appear as dots if they 
arc seen in cross section, or as short black 
lines if they happen to lie in the plane of 
the section (Fig. 34t. If the free surface 
of the cells is provided with a cuticle, a 
striated or bru'.h border, or with cilia, the 
bars are always located beneath these 
structures. 

Blood VcsieU. A* a rule, epidieliat tissue 
Jacks Wood vessels. The nuttuive liqutd from 
the Wood of the umletlying connective 

tissue reaches the epitheiiaJ eicments alter pass- 
ing liiTougli the ba^f-ment membrane and through 
the thin interceitular spaces between the epithe- 
lial cells. If the epithelium forms a very thick 
laier, as «n the skin, the surface of the connective 
tissue IS usually provided with ouiRTOwths, 
papillae, winch carry Wooil capillaries, bulge 
deeply into the epithelium and probably facilitate 
nutrition. In a few ca^es ^‘•Uia vascularis of the 
cochlea) loops of blood capiUarie^' wuh thm 
strands of connective tissue may penetrate the 
epithelium 

Exlraiiooiis Oils. Foreign cells may enter the 
epithelium from the connective tissue. Nearly 
everywhere the epithelium is provided with nn- 
raetous terminal hraiichings of nerve fibers which 
pierce the basement membrane and run between 
and even inio the epithelial cells The epithelium 
of the inteMine is alwavs infiltrated in special 
areas bv j multitude of lymph'icvtes; these may 
even pii«h aside and disfigure the epithelial celK 
After ihej have left, the latter regain their usual 
form and resume llieir former relations. Tim in- 
filtration re at be- it« biglie<l degree in the thymus. 

Regeneration of Epithelium. The epitltclial 


layers, especially tho<e ivhich cover tlie outer 
surface of the body and the intestinal tract, are 
subject lo constant mechanical and other injuries. 
Under physiologic conditions their cells perish 
continuously and are shed. This is especiajfy 
manifest in the epidermis where the superficial 
cells are continuously undergoing a peculiar de- 
generation, called corntficacion. Tiie cornified 
cells are coyistanlly desquamated and are re- 
placed by new ones whicli arise tlitough the 
transformation of the cells of the dee|rer lajers. 
In the respiratory passages, m the inner cavities 
of the body, and especially in TOo«t of the glands, 
where the epithelium is not accessible to external 
noxious agents, degeneration is rare. 

Tbe physiologic Joss of cells in tiie epithelium 
19 balanced by a corresponding regeneration. 



Fig. 34. Diagram of two adjacent glandular 
cells with a secretory capiiUry between them 
and with terminal bars; a. View in cross section; 
b, side view. Redrawn after Zimmermann. 

In vcricbrates this is always effected lltrougli 
mitotic proliferation of indifferent epithelial ele- 
ments. In the stratified squamous epithelium the 
milo«es are found mainly in the deeper columnar 
and polyhedral cell layers (stratum permina- 
tivumt The simple columnar cpitiielmm of the 
stomach and tlie intestine is regeneratetl from 
special areas of proliferating undifferentiated 
cpitlielinm whicli axe located in the ha®e of the 
gastric foveolae (Chapter XVIII) or in the 
crypts of Lieberkuhn. In the p«etidostratified 
and stratified columnar epithelium, dividing ceils 
are occasionally found between the renting ones. 
TJieir rnund, contracted bodies usually move to- 
ward the surface. Whether the small, deeper cells 
connected with tiie underlying ti«sue. wiiich were 
supposed to lie the «ource of regeneration in the 
pscodo<tratificd epithelium and were correipond- 
ingly called “suhstituUng ceUs," really play this 
rule, seems douJilful. 
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epithelial cells, especially in plandular ducts 
(Fig. 33) and in the mesotlielial cells in the 
serous membranes. At its free surface the cyto- 
plasm contains a diplosomc, with its axis standing 
perpendicularly. From the distal eentrlole an ex- 
tremely thin, apparently, nonmotilc filament ex- 
tends be>ond the cell body, 

2. Ciifir/es. — Cuticle is generally a 
layer of a more or less solid substance 
uhicli is secreted by and covers the free 
surface of an cpilliclial sheet. Unlike the 
protoplasmic crust, the cuticle is sharply 
delimited from the cell surface and can be 
detached from it. The cuticle often be- 
comes impregnated udlb lime salts, chUln. 
etc., and may consist of separate areas, 
each corresponding to one cell (tooth 
enamel), or it may become continuous 
through fusion of contiguous areas. 

In tlie mammals the cuticles arc infre- 
quent; examples are the enamel of the 
teeth; the capsule of the lens; and the 
tectorial membrane, the lamina reticularis, 
and the otolithic membrane in the inter- 
nal ear. 

The Connections Deluccn the Cells 
in nn Epithelial Sheet. Adjacent epi- 
thelial cells cohere so tightly that rela- 
tively very strong mechanical forces are 
necessary to separate them. This cohesion 
is particularly striking in tlie epithelium 
of (he oral cavity and of the intestinal 
tract where the movement of hard masses 
is unable to separate the cells from one 
another. It is probable that the small 
amount of interstitial substance acts as a 
plastic cement Microdisseclioii studies 
have shown that in most types of epith- 
elium the superficial cytoplasm of the liv- 
ing cells contains an adhvvue *-ul>-faiiip 
which keeps the cells together. It i*- pos- 
sible that adjacent cells might adhere 
through interaction of the nbrous pio- 
tein molecules in their surface mem- 
branes. This question is licing aclivelv 
investigated with physical and chemical 
methods. 

According to some, the epithelial cells 


are kept together by many small, proto- 
plasmic processes, running from one cell 
body to another and forming intercellular 
bridges. If the epithelial cells arc isolated 
from one another, the broken bridges ap- 
|>ear ns short, tbornlike oulgrontlis on the 
surface of the cell body. These bridges are 
most conspicuous in the stratified squa- 
mous cpitlicliurn of the skin, the epider- 
mis. Here the deeper cells are separated 
from one another by clear, intercellular 
clefts filled with liquid. The intercellular 
bridges cross the clefts and cacli shons at 
its middle n small thickening, the briWgc 
corpuscle or dcsniosontc. The lonofibrils, 
nhicli rcacli a Iilgh grade of development 
tn these cells, run from cell to cell through 
the intercellular bridges (Fig. 2B1). 

In lliosc cpithelia uhich bav'e no inter- 
cellular spaces, the lateral surfaces of the 
cells adhere tightly to one another and in- 
terceilnlar bridges cannot be seen. In tlic 
simple columnar epithelium the ceils 
sometimes separate and tlien bridges are 
distinct. Because this separation can be 
produced by the use of fixing reagents 
which cause shrinkage, these bridges are 
believed by some to be artefacts. 

After the aciion of s'lher nitrate, espe- 
cially in the simple squamous epithelium 
(or mesolhelium and endothelium), the 
cell limits are outlined by black contours. 
What look to be large openings in such 
preparations, the “stomata” which the 
old histologists thought e.xisted between 
the edges of the simple squamous epi- 
thelial (mesothelial or endothelial) cells, 
are artefacts. They are sometimes verj’ 
prominent as black dots along the inter- 
cellular lines. 

Epiitieliat cells sometimes cohere intimately 
hv means of special structures. Thus, in the con- 
toluled uriniferous tubules tiie lateral surfaces 
ot the celts arc provided with alternating ridge- 
and grooves which interdigitate with those 
neighboring cells (Fig. 427). When the limiis 
between tlie cells cannot be delected the epithe- 
lial elieet has the character of a syncytium. Th,s 
is found, for instance, in the epithelium of the 
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ulerme mucous membrane at the beginning of 
pregnancy and in some areas of the ectoderm of 
the embryo (tropboblast). 

Terminal Bars. In various kinds of 
epithelium stained with iron hematoxylin, 
the free surfaces of the single cells are out- 
lined by black lines different from those 
appearing after the action of silver nitrate. 
They are smoothly outlined rods of a 
dense cement substance \\hich solders the 
edges of the cell surfaces, and are called 
terminal bars (Fig. 25) because they are 
supposed to close the intercellular spaces 
on the free surface. 

The terminal bars, when stained with 
iron hematoxylin, appear as dots if they 
are seen in cross section, or as short black 
lines if they happen to lie in the plane of 
the section (Fig. 34). If the free surface 
of the cells is provided with a cuticle, a 
striated or brush border, or with cilia, the 
bars are always located beneath these 
structures. 

Blood Vessels. As a rule, epithelial tissue 
lacks blood vessels The nutritive liquid from 
the blood vessels of the underlying connective 
tissue reaches the epitlielial elements after pass- 
ing through the basement membrane and through 
the thin intercellular space* between the epithe- 
lial cells If the epithelium forms a very thick 
layer, as in the skin, the surface of the connective 
tissue IS usually provided with outgrowths, 
pnpillae, which carry blood capillaries, bulge 
deeply into the epithelium and probably facilitate 
nutrition. In a few cases (stria vascularis of the 
cochlea) loops of blood capillanes witb thin 
strands of connective tissue may penetrate the 
epithelium. 

Extraneous Cells. Foreign cells may enter the 
epithelium from the connective tissue. Nearly 
everywhere the epithelium is provided with nu- 
merous terminal branchings of nerve fibers which 
pierce the basement membrane and run between 
and even into the epithelial cells The epithelium 
of the intestine is always infiltrated in special 
areas by a multitude of lymphocytes; these may 
even push aside and disfigure the epithelial cells. 
After they have left, the latter regain their usual 
form and resume tiieir former relations. This in- 
filtration reaches its highest degree m the thymus. 

Regeneration of Epilhcliuni. The epithelial 


layers, especially those which cover the outer 
surface of the body and the intestinal tract, are 
subject to constant mechanical and other injuries. 
Under physiologic conditions their cells perish 
continuously and are shed. This is especially 
manifest in the epidermis where the superficial 
cells are continuously undergoing a peculiar de- 
generation. called cornification The cornified 
cells are colistantly desquamated and are re- 
placed by new ones which arise through the 
ttansfomiation of the cells of the deejier layers. 
In the respiratory passages, in the inner cavities 
of the body, and especially m most of the glands, 
where the epithelium is not accessible to external 
noxious agents, degeneration is rare 
The physiologic loss of cells in the epithelium 
is balanced by a corresponding regeneration. 



Fig. Diagram of two adjacent glandular 
cells with a secretory capillary between them 
and with terminal bars’ a. View in cross section; 
6, side view. Redrawn after Zimmermann. 

In vertebrates this is always effected through 
mitotic proliferation of indifferent epithelial ele- 
ments. In the stratified squamous epithelium the 
mitoses are found mainly in the deeper colymnar 
and polyhedral cell layers (stratum germuia- 
livum).The simple columnar epithelium of the 
stomach and the intestine is regenerated from 
special areas of proliferating undifferentiated 
epithelium which are located in the base of the 
gastric foveolae (Chapter XVIII) or in the 
crypts of Lieberkuhn. In the pseudostratified 
and stratified columnar epithelium, dividing cells 
are occasionally found between the resting ones. 
Their round, contracted bodies usually move to- 
ward the surface. Whether the small, deeper cells 
connected with the underlying tissue, which were 
supposed to be the source of regeneration in the 
pseudostratified epithelium and were correspond- 
ingly called “substituting cells,” really play this 
role, seems doubtful. 
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epithelial cells, especially in glandular ducts 
(Fig. 33) and in the mesothelial cells in the 
serous membranes. At its free surface the cyto- 
plasm contains a diplosome, ^vith its axis standing 
perpendicularly. From tlie distal centriole an ex- 
tremely thin. apparently,<nonmolile filament ex- 
tends beyond the cell body. 

2. CiificZcs. — Cuticle is generally a 
layer of a more or less solid substance 
tvhich is secreted by and covers the free 
surface of an epitlielial sheet. Unlike the 
protoplasmic crust, the cuticle is sharply 
delimited from the cell surface and can be 
detached from it. The cuticle often be- 
comes impregnated tvith lime salts, chitin, 
etc., and may consist of separate areas, 
each corresponding to one cell (tooth 
enamel) , or it may become continuous 
through fusion of contiguous areas. 

In the mammals the cuticles are infre- 
quent; examples are the enamel of the 
teeth; the capsule of the lens; and the 
tectorial membrane, the lamina reticularis, 
and the otolithic membrane in the inter- 
nal ear. 

The Connections Between the Cells 
in an Epithelial Sheet. Adjacent epi- 
thelial cells cohere so tightly that rela- 
tively very strong mechanical forces are 
necessary to separate them. This cohesion 
is particularly striking in the epithelium 
of the oral cavity and of the intestinal 
tract where the movement of hard masses 
is unable to separate the cells from one 
another. It is probable that the small 
amount of interstitial substance acts as a 
plastic cement. Microdissection studies 
have sho>vn that in most types of epith- 
elium the superficial cytoplasm of the liv- 
ing cells contains an adhesive substance 
Avhich keeps the cells together. It is pos- 
sible that adjacent cells might adhere 
through interaction of the fibrous pro- 
tein molecules in their surface mem- 
branes. This question is being actively 
investigated with physical and chemical 
methods. 

According to some, the epilhebal cells, 


are kept together by many small, proto- 
plasmic processes, running from one cell 
body to another and forming intercellular 
bridges. If the epithelial cells are isolated 
from one another, the broken bridges ap- 
pear as short, thornlike outgrowths on the 
surface of the cell body. These bridges are 
most conspicuous in the stratified squa- 
mous epithelium of the skin, the epider- 
mis. Here the deeper cells are separated 
from one another by clear, intercellular 
clefts filled with liquid. Tlic intercellular 
bridges cross the clefts and cacii shows at 
its middle a small thickening, the bridge 
corpuscle or desmosome. The lonofibrils, 
which reach n high grade of development 
in these cells, run from cell to cell through 
the intercellular bridges (Fig. 281). 

In those epilhelia which have no inter- 
cellular spaces, llie lateral surfaces of the 
cells adhere tightly to one another and in- 
tercellular bridges cannot be seen. In the 
simple columnar epithelium the cells 
sometimes separate and then bridges are 
distinct. Because this separation can be 
produced by the use of fixing reagents 
which cause shrinkage, these bridges are 
believed by some to be artefacts. 

After the action of silver nitrate, espe- 
cially in the simple squamous epithelium 
(or mesolhelium and endothelium) , the 
cell limits are outlined by black contours. 
What look to be large openings in such 
preparations, the “stomata” which the 
old histologists thought existed between 
the edges of the simple squamous epi- 
thelial (mesothelial or endothelial) cells, 
are artefacts. They are sometimes very- 
prominent as black dots along the inter- 
cellular lines. 

Epidielial cells sometimes cohere intimately 
by means of special structures. Thus, m the con- 
voluted unniferous tuhules the lateral surfaces 
of the cells are provided with alternating ridges 
and grooves which interdigitate with those of 
neigliboriRg cells (Fig. 427). When the limits 
between the cells cannot be detected the epithe- 
lial sheet has the character of a syncytium. This 
IS found, for instance, in the epithelium of the 
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3. Mesenchymal eptlhelium is Jli«» simple la^er 
of squamous cells >vlijcl» lines the subdural and 
subaracUnowl spaces, the peril) mphatic spaces 
in the inner ear and the chambers of the e>ebal} 
{The catities of joints are not lined bj mesen- 
chymal epitbcliuro. See p. 153.) 

These elements seem to originate simply 
dirough flattening, of common hbroblasla. The 
relations hetneen llie mesenchymal epithelium 
and the mesotheiium liave not Leeti suflicientiy 
elucidated. 
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In pathologic conditions, as after local Injuries, 
almost every type of epithelium in the human 
organism may display a considerable ability for 
regenerative proliferation, although the process 
may produce new, abnormal cell types. In tissue 
cultures several types of epithelium (thyroid, 
iris, and liver) were observed to proliferate and 
to grow in “pure cultures” of thin sheets of 
flattened cells which did not change for some 
months The various types of epithelium, espe- 
cially those of ectodermal and entodermal origin, 
seem to keep their specific character even after 
a prolonged series of transplantations. Although 
some workers have claimed llial epitiielial cells 
in tissue culture develop into fibroblasts, the evi- 
dence to date indicates that this is not true. 

The proliferation in epithelial regeneration 
occurs only by mitotic division. Amitosis has 
been found in the transitional epithelium of the 
urinary bladder, in the me«otheIium of the serous 
membranes and especially in tissue cultures, but 
it seems to result only in the formation of multi- 
nucleated cells. 

In the body, excluding ciliated cells, tlie epithe* 
lial elements are not motile, as a rule. In the 
healing of wounds and in tissue cultures, how. 
ever, they are seen to flatten and to display a 
peculiar gliding movement, by whicit they rapidly 
cover large denuded areas of connective tissue 
before regenerative division sets in. Occasionally, 
epithelial cells have even been seen to form 
ameboid pseudopodia. Wolbach and collaborators 
have shown that a deficiency of vitamin A in the 
diet of guinea pigs and rats results in atrophy 
of most of the epithelia of the body; in their place 
appears “a stratified keratinizing epithelium, 
identical in appearance in all locations, and aris- 
ing from focal proliferation of basal cells.” 
When the vitamin is supplied, the original type 
of epithelium appears in a few days. (See also 
Arey, 1936.) 

Endothelium, Mesothclium, and Mesen- 
chymal Epithelium, The terra '‘endothelium” 
has been used in difTerent senses. Origmally it 
was chosen for tho'e simple layers of squamous 
cells which arise from the mesoderm and line 
cavities of the body which do not open on its sur- 
face. These included the serous cavities, the blood 
and lymph vessels, the anterior chamber of the 
eye, etc. Histologically, no difference can be found 
between the elements just mentioned and the 
squamous cells of obviously ectodermal or ento- 
dermal origin, as the simple squamous epithelium 
of the labyrinth. All such layers of squamous 
cells, when treated with silver nitrate, will show 
the typical mosaic of black cell limits (Fig. 23). 
Therefore, many authors designate as epithelium 


each continuous cell layer covering an outer or 
an inner surface in tlie body. 

Tlie structure of the cells in their fully de- 
veloped physiologic condition cannot, however, 
sen'e as the only criterion for their classification. 
Squamous cells arranged in a single layer, al- 
though having the same slruclnrc, may have a 
totally different embryonic origin, and quite dif- 
ferent developmental potencies. On the basis of 
these criteria, besides the true simple squamous 
epithelium which originates from either ectoderm 
or entoderm, and is always sharply separated from 
the connective tissue elements, three types of a 
ht*lologirally similar tissue whicli originate from 
the mesoderm proper nr from its derivative, the 
mesenchyme, can he distinguished: (I) the endo- 
thelium, (2) the mesothe!ium,and (3) the mesen- 
chymal epithelium. 

1- The name endothelium should he reserved 
for the simple layer of squamous cells which lines 
the inner surface of the wall of the blood and 
lymph vessels and of the heart (p. 230). In the 
early stages of embryonic development the endo- 
thelium arises through the flattening of mesen- 
chymal cells <p. 100), In the later ontogenetic 
stages and in the adult it seems to be a highly 
differentiated tissue which grows only through 
proliferation of its ov\n elements and not through 
transformation of other connective tissue cells. 
On the other hand, endothelial cells can be trans- 
formed into fibroblasts. 

2. The mesotheliim is a simple, squamous cell 
layer which covers the surface of all the serous 
membranes (peritoneum, pericardium, pleura). 
Its elements have the classical structure of true 
squamous epithelial cells (Fig. 23). The surface 
of their protoplasm is provided with a thin, con- 
densed, crusllike layer which carries, sometimes, 
a more or less distinct brush border (Fig. 24). 
The surface of the flattened, round or oval 
nucleus is slightly excavated and here there is a 
diplosome with a typical central flagellum pro- 
truding into the serous cavity. 

The prospective potencies of these elements 
are of double nature — epithelial and fibroblastic. 
In tissue cultures the mesothclium of mammals 
may show for a time a purely epithelial type of 
growth in islands and sheets of polyhedral, flat- 
tened cells. Tumors of epithelial character may 
develop from the mesothelium and, possibly, 
structures similar to uterine glands. On the other 
hand, in inflammation, the mesothelial cells, after 
a period of contraction and of rounding off, finally 
give rise to typical fibroblasts, i. e., to connective 
tissue cells The same occurs in tissue cultures. 
They are never transformed into ameboid phago- 
cytes. 
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pended in the plasma are several kinds of 
formed elements; the red corpuscles or 
erythrocytes, colorless corpuscles, the so- 
called tL'hite blood corpuscles or leukocytes, 
and in mammals, the blood platelets. 

RED BLOOD CORPUSCLES. 

ER\'THROCYTES 


in man the diameter averages 7.74 p, the 
thickness at the edge, 1,9 p. According 
to some estimates, the erythrocj tes of man 
have a diameter well over 8 p and the 
smaller figure given here is due to dehy- 
dration during preparation. The total sur- 
face area of all the erythrocytes in ,the 


In the mammals the erjthrocytes are 
nonmotvle, highly differentialed cells 
which have lost their nucleus, Golgi net, 
mitochondria and centtioles during mat- 
uration. In all the other velerbrates they 
retain the nucleus, 
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F»g. 35 Fresh preparatjon of human Mood. Bp, Plate- 
lets; Er, ervthrocyies, Eos, eosinopbi! leukoo’le; LA, 
neulrophd leukocyte, Lm, iymphocyie; hT, monocyte; X, 
creaated erythrocytes. Note lUe strands ot fibrin. High 
magnification. (AA.M.) 
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Fig. 36. Distribution of ions, in milli- 
equi^aJents per kilogram of wafer be- 
tween red blood corpuscles and plasma 
Modified after Peters and Van Slyke. 
Coaitesy of A. B Hastings 


A normal adult man has about five and 
a woman about four and a half million 
erythrocytes in 1 cu. mm. of blood. So- 
journ in high allitodes causes a marked 
increase in Vhevr number. The changes in 
pathologic conditions ate still more prom- 
inent. Tlie erythrocytes are not always 
evenly distributed over the circulatory 
5) stem. 

Tlie size of the orvlhrocylcs, under nor- 
mal conditions, is remarkably uniform; 


human body is computed as about 3500 
square meters. The specific gravity of the 
erythrocytes is higher than that of the 
plasma; the estimations vary from 1.02 lo 
1.08. 

The color of the erythrocytes is a pale, 
greenish yellow. This is especially marked 
at the periphery of the corpuscle where 
the layer of the colored substance is thick- 
esL In dense masses of erythrocytes the 
yellow color turns into a distinct red. 
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The embryonic connective ti?sue, the mci- 
enchyme, gives rise to the blood, the blood 
vessels, and the various types of connec- 
tive tissue. The mesenchyme develops from 
the mesoderm immediately after the for- 
mation of the germ layers and soon accu- 
mulates in masses between them. The 
mesenchymal cells at first are irregularly 
stellate and connected by their processes. 
They undergo many changes to form the 
various blood and connective tissue celb. 

There are four main types of connective 
tissue, all characterized by an abundant 
intercellular substance: (1) blood and 
lymph, (2) connective tissue proper, (3) 
cartilage and (4) bone. In the blood and 
lymph the intercellular substance is liquid. 
In the connective tissue proper, of which 
there are many types, the intercellular 
substance always contains fibers and 
varies from a soft jelly to a tough fibrous 
mass. In cartilage the intercellular sub- 
stance contains masked fibers and has a 
rubbery consistency. In bone, the fibrous 
intercellular substance is impregnated 
with lime salts. 

In the adult organism the various tis- 
sues of the connective substance cannot be 
sharply separated from one another in all 
respects. The fibers of the connective 
tissue proper continue into both cartilage 
and bone, and certain characteristic chem- 
ical substances are common to the inter- 
cellular substance in the connective tissue 
proper, cartilage, and bone. Similarly, the 
cells of the blood cannot be separated 
from those of the connective tissue proper, 
as there is a constant exchange of cells 


betw'cen them. Certain cells of the blood 
and the other connective tissues may dis- 
play marked differences in form and func- 
tion when their environment is changed. 
Thus, a leukocyte which seems to be inac- 
tive while in the blood may previously 
have been very active while in the connec- 
tive tissue proper and may become active 
again on reentering this tissue from the 
blood. 

In the earliest stages of development, 
the endothelial cells of the blood vessels 
and the blood cells arise simultaneously 
from the same mesenchymal elements. 
Moreover, the cjnbryonic endothelium oc- 
casionally turns into blood cells. In the 
later stages, however, the endothelium be- 
comes more differentiated and independ- 
ent, and new vessels arise only through 
sprouting of preexisting ones. Thus all of 
the vessels, including the heart, become a 
comprehensive specialized system, de- 
scribed in Chapter X. The blood vessels 
are always accompanied by connective 
tissue. 

THE FORMED ELEMENTS OF THE 
BLOOD 

The blood of adult vertebrates is a red 
liquid which circulates in a closed system 
of tubes, the blood vessels. Its total quan- 
tity in man is estimated at about 7 per 
cent of the body weight. The liquid men- 
struum of the blood, the plasma, appears 
colorless in a thin film examined under the 
microscope, but varies from gray to yel- 
low, according to species, when seen in 
large amounts with the naked eye. Sus- 
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pended in the plasma are several kinds of 
formed elements: the red corpuscles or 
erythrocytes, colorless corpuscles, the so- 
called white hlood corpuscles or leukocytes, 
and in mammals, the blood platelets. 

RED BLOOD CORPUSCLES. 

ERYTHROCYTES 


in man the diameter averages 7.74 /t. the 
thickness at the edge, 1.9 p. According 
to some estimates, the erythrocytes of man 
have a diameter well over 8 p and the 
smaller figure given here is due to dehy- 
dration during preparation. The total sur- 
face area of all the erythrocytes in .the 


In the mammals the erythrocytes are 
nonraotile, highly differentiated cells 
which have lost their nucleus, Golgi net, 
mitochondria and centrioles during mat- 
uration. In all the other veterbrates they 
retain the nucleus. 
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Fig. 35. Fresh preparation of human blood: Bp, Plate- 
lets} Er, erythrocytes; Eos, eosinophil leukocyte; Lk, 
neutrophil leukocyte; Lm, lymphocyte; M, monocyte; X, 
trenated erythrocytes Note the strands of fibrin. High 
magnification. (A A.M.) 


Fig 36. Distribution of ions, in milli- 
equivalents per kilogram of water be- 
tween red blood corpuscles and plasma. 
Modified after Peters and Van Slyke. 
Courtesy of A. B. Hastings. 


A normal adult man has about five and 
a woman about four and a half million 
erythrocytes in 1 cu. mm. of blood. So- 
journ in high altitudes causes a marked 
increase in their number. The changes in 
pathologic conditions are still more prom- 
inent. The erythrocytes are not always 
e%enly distributed over the circulatory 
system. 

The size of the erythrocytes, under nor- 
mal conditions, is remarkably uniform; 


human body is computed as about 3500 
square meters. The specific gravity of the 
erythrocytes is higher than that of the 
plasma; the estimations vary from 1.02 to 
1.08, 

The color of the erythrocytes is a pale, 
greenish yellow. This is especially marked 
at the periphery of the corpuscle ^vhere 
the layer of the colored substance is thick- 
est. In dense masses of erythrocytes the 
yellow color turns into a distinct red. 
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The pigment which gives the erjlhro- 
cyles their color can be easily separated 
from the corpuscles. It then dissolves in 
the plasma and gives it a distinct color 
while the corpuscles become colorless, al- 
though they keep their form more or less. 
Tins process is called hemolysis. The pig- 
ment is hemoglobin; the colorl(^ part 
which remains after the hemoglobin 
leaves is called the ‘-‘ghost,” “the shadotv” 
or the stroma. Hemoglobin and the color- 
less substances are present in the erythro- 
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Fig, 37. Red Mood corpuscle in 0.9 per cent 
NaCl solution, seen from the broad surface (a) 
and in profile (b) ; thorn apple form of a red 
blood corpuscle after treatment first with 0.3 
per cent NaCl and then with 0.9 per cent NaCI 
(c). Mulberry form of red corpuscle after treat- 
ment with 1.5 per cent NaCl solution seen from 
the surface (d). After Broderson 

cytes as an optically negative, structure- 
less, colloidal mixture of which hemo- 
globin forms about 95 per cent of the 
dried weight. 

The erythrocytes of the mammals are 
biconcave disks. In profile they have elon- 
gated bodies Avith rounded ends and a con- 
stricted middle part, more marked on one 
side than on the other (Fig. 35). 

Some investigators claim that they are 
shalioAv cups, that is, convex-concave 
disks, and that the biconcave form is 
merely the result of shrinkage due to an 


increase in the osmotic pressure of the 
plasma during examination. It is possible 
that in the normal blood both forms, as 
well as all transitions between them, exist 
at the same time. In the camel and the 
llama the erythrocytes are biconcave 
ovals. 

The erythrocytes are extremely soft and 
flexible. The- slightest mechanical influ- 
ences distort lliem, but the usual form is at 
once restored as soon as the mechanical 
factor ceases to act. This can be seen easily 
during llie ohservalion of the circulating 
blood in living capillaries. When an eryth- 
rocyte is forced through a blood vessel 
of very small caliber it becomes consider- 
ably drawn out, but resumes the disk 
shape as soon as it enters a larger vessel. 
In living condition their substance ap- 
pears homogeneous even with dark-field 
illuminolion. UUracenlrifuged erythro- 
cytes are stratified into two or tliree layers; 
this indicates that tliey are composed of 
at least three substances (Beams). 

Under pliysiologic conditions the in- 
terior of the erythrocytes and the plasma 
are in a state of osmotic equilibrium. If' 
the molecular concentration of the plasma 
is loAvered through addition of water, 
water enters the erythrocyte. If the osmotic 
pressure of the plasma increases, the in- 
terior of the erythrocyte gives up Avater to 
the plasma {crenation. Figs. 35, 37). A 
solution of 0.9 per cent sodium chloride is 
isotonic Avith normal human plasma and 
therefore does not alter the size or form of 
the erythrocytes; it is called physiologic 
salt solution. 

A characteristic physical property of 
the erythrocytes is their marked tendency 
to adhere to one another by their broad 
surfaces and to assemble in long, curved, 
sometimes branching columns resembling 
piles of coins (Fig. 38). This can be ob- 
serA'ed in a simple preparation of a drop 
of fresh, undiluted blood. The piles or 
rouleaux arise at once after the currents 
of the liquid in the drop have ceased; a 
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slight pressure on the coverslip breaks 
them up. They are seen to be formed even 
in the living body -while circulating in the 
blood vessels. The adhesion is so strong 
that, if the motion of the blood stream in 
the vessel is not too swift, the piles are 
seen gliding, serpent-like, through the 
smaller vessels. The cause of the rouleaux 
formation is not known. Some believe that 
it is a display of surface tension forces 
which cause bodies suspended in a fluid to 
apply to one another by their greatest sur- 
faces. 

Irregular, persisting clumps of erythro- 
cytes occur in the circulating blood in a 
variety of pathological conditions; these 
masses of erythrocytes have been called 
sludges and have been studied extensively 
by Knisely and co-workers. They may 
cause severe local or generalized damage. 

Agglutination. Various reagents, as acid salt 
solutions or solutions of glucose, may cause agglu- 
tination of erythrocytes. They attract one another 
and assemble in small, dense groups ia >%hich 
they assume a polyhedral form through mutual 
pressure. In some pathologic or experimental con- 
ditions, agglutination of erytlirocytes under the 
Influence of agglutinins can occur in the circu- 
latory system of the living organism; the result- 
ing clusters of erythrocytes obstruct the small 
blood vessels and may lead to severe injuries of 
the tissues involved. 

Abnormal Forms of the Eryllirocyle. A de- 
tailed description of abnormal forms of erythro- 
cytes belongs to the textbooks of pathology. Some- 
times, however, they occur even in the blood of 
an apparently normal individual, or they appear 
as a manifestation of an accelerated formation of 
blood They must, therefore, be mentioned in this 
place. 

Tlie erythrocyte may be unusually large, or, on 
the contrary, quite small. This phenomenon is 
called anisocytosis. The largest corpuscles are 
called macrocytes, the smallest ones, microcytes. 
If the erythrocytes acquire irregular contours, 
poikilocy tosis IS present. This phenomenon occurs 
in the human blood when there is a grave dis- 
turbance of hemopoiesis as in pernicious anemia. 
In a special type of anemia the erytlirocytes are 
sickle- or crescent-shaped. 

The hemoglobin content may show great varia- 
tions; in chlorosis each corpuscle contains an 
abnormally small quantity of this pigment and 


consequently appears paler than usual (hypo- 
chromic), In pernicious anemia the individual 
erythrocytes are, on the contrary, abnormally rich 
m hemoglobin (kyperchromic). 

The normal, mature erythrocytes in a dry smear 
are acidophil; that is, in a mixture of a red acid 
(eosin) and a blue basic (methylene blue) dye 
(Romanowsky mixture) they are stained elec* 
lively with the acid dye and appear red (Fig. 39) . 
In some cases, however, their substance will stain 
purple or bluish with this mixture This condition 
is called polychromia. Polychromatic erythrocytes 
may occur in the human blood in various anemias. 
Under physiologic conditions they are rarely 
found in the circulating blood, hut are quite 
common in the bone marrow. In the embryo the 
majority of the circulating erythrocytes are poly- 
chromatic, The young forms of the erythrocytes 
(erylhroblasts) also have a polychromatic proto- 
plasm. Thus, polychromia is a manifestation of 
immaturity of the red blood corpuscle, although 



Fig. 38. Rouleaux formation of human eryth- 
rocytes in a fresh blood preparation. After 
Broder-on. 


in some cases it may also be found in degenetai- 
ing erythrocytes. The polychromatic erythrocyte 
always shows a “reticulated substance" on supra- 
vital staining. It is possible that this stained net- 
work is the result of an artificial clumping of the 
diffused substance which causes the polychromat- 
ophilia seen with the Romanowsky stain. Proto- 
porphyrin has been found in the blood and occurs 
only in the reticulocytes; it is possibly the sub- 
stance which is Blamed with brilliant cresyl blue 
in these almost mature erythrocytes. The term 
“reticulocytes” is a poor one because of the fre- 
quent confusion with “reticular cells.” 

In the case of basophil gronufated or “stippled" 
erythrocytes, with the Romanowsky stain, the sub- 
stance of the erythrocytes is mottled with numer- 
ous, fine, basophil, blue granules. These granules 
seem to exist as corpuscular elements in the living 
erythrocyte. The stippled erythrocytes occur in 
the blood of embryos and of adult mammals in- 
cluding man They are found in various types of 
anemia, especially tho«e of toxic nature, as in lead 
poisoning. In the hemopoietic organs of the adult 
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The pigment \\hich gives the erythro* 
cylcs tljcir color can !)c caMly 5cparalc«l 
from the corpii?cU*?. It then (li«oU‘p» in 
the plasma nn<l give'* it a fli«trnct color 
wliilc tlie corpuscles become colorlc'is, n1» 
though they keep ihcjr form nsorc or 1c«<. 
T)ji«t process is calh'd hrmolysii. The pig* 
inenl is hemo^htnn; the cnlorh‘5^ pari 
which Tcmaitis after the hrmoplohin 
leave? failed the “ghovt,'* “the shadow** 

or the 5frf»»r«. Ilctnoploluii njul the color* 
ic^s ?ti}»«taiicc? arc j»rc?cnt in the erythro* 
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Fir. 37. Uctl lilooit corpuscle in 0,9 per cent 
iVaCt sofuSiwn, «crn frum tkc tiro-mi ■Mrfacc (af 
and in profile <b) . ihnrn apple form at a ted 
blood corpuscle nficr trcatmcni fir*t »nUi OJl 
per vent NaCl and then nitli 09 t*rr cciil NoQ 
(c). Mullfcrry form of rvtt corpu«cle ofter ucni- 
ment vsuti 1 .1 per cent Nat 1 •■diitroH ■‘cen from 
the surface t«fl. \ftcr nr‘n!er*iiu 

cyte? as an optically ncgntivr. slnioturc- 
less, colloidal mixture of which hemo- 
globin forms about 95 per vritl of the 
dried weight. 

The erythrocytes of the mammal:* are 
biconcave disks. In profile they have elon- 
gated bodies with rounded ends anvl a con- 
stricted middle part, more marked on »wic 
side than on the other (Fig. 35). 

Some investigators claim that they are 
shallow cups, that is, convex-concave 
disks, and that the biconcave form is 
merely the resalt of shrinkage due to a» 


incren*e in the osmotic prc<««rc of the 
p!a«tna during cxanunalinn. Il is po««iililc 
that in the normal blood both form*, as 
well all transition* hctucen fltcni, exbt 
nl the same time. In the camel and the 
llama the erythrocytes arc biconcave 
ovab. 

Tfic erythrocytes are extremely soft and 
flexible. Tlte * slightest mechanical infln- 
eiires dbtort them, but the usual form is at 
once restored a* poon a* the mechanical 
factor cea»cs to act. Tlii* can be seen ra*iiy 
during the oli*crvation of the circulnliug 
blood in living ea|ullaries. When an eryth- 
rocyte i* forced through a blood ies«cl 
of very ‘mail caliber it becomes con«idcr. 
ably tlrawn out. but resumes the dbk 
shn/K* ns s<»n» ns it enters a larger vessel, 
lu living condition their puh»tancc ajw 
|)cafs homogeneous even with dark-field 
tlhimination. Dllraccnlrifuged ery thro, 
cylcs arc strati nevi into two or three layers; 
this imltrates that they are compo«e<! of 
at least throe .stjhslnnrc.« (Heamsl, 

Under physiologic condltIon.s the in* 
Icrior of llic erythrocyte# and the plo*ma 
arc in a state of osmotic cqnil'ihrium. It 
the nmiccniar concentration of the plasma 
ts lowered through ovfdition of water, 
water enters the crylhroey Ic- 1 1 ibc osmotic 
pressure of the plasma increases, the in- 
terior of the erythrocyte gives up water to 
the plasma (crenafion, Figs- 35, 37) . A 
solution of 0.9 {>cr cent sodium chloride is 
isotome with normal human plasma and 
therefore does not alter the sire or form of 
the crvthrocyles; it is called physiologic 
salt solution. 

A flxaratterislic physical property of 
the ervlhrocyles is their marked tendenev 
to adlu-re to one anollicr by their broad 
‘•urfacc** and to assemble in long, curved, 
sodiettmes branching columns resembhng 
piles of coins (Fig. 38). This can be ob- 
served in a simple preparation of a droj> 
of fresh, undiluted blood. The piles or 
rouleaux arise at once after the currents 
of the liquid in the drop Jiave ceased j a 
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they do not occur under ph) siologic conditions. It 
is possible that the stippled condition is also a 
manifestation of immaturity in much the same 
way as the polychromia; but of an immaturity 
which is ph> siologic only in the embryo, while in 
the adult it is an indication of an abnormal return 
to an embrjonic type of de\elopmenl. The origin 
of the basophil granules is traced to either the 
nucleus of the erythrohlast or to its basophil cyto- 
plasm. It is possible that their substance is similar 
to the basophil substance in the polychromatic 
er)throc>te and differs from it only by its granu- 
lar instead of diffuse distribution in the corpuscle. 
From this point of view the granules would he a 
manifestation of a degenerative change of the 
young erjtlirocytes 

Quite different from the basophil granules of 
the mottled erythrocytes are the peculiar granular 
llotiell-Jolly bodies. These are undoubtedly rem- 
nants of the nuclear chromatin. They often occur 
in seemingly (luite normal erythrocytes of adult 
and especially of embryonic mammals. Tliey are 
small, sharply outlined, round or angular bodies 
tviilch stain very intensely with nuclear dyes, and 
especially with methyl green, which never stains 
the basophil granulation. Their number is lim- 
ited to one or two in an erythrocyte. 

In some pathologic cases the erythrocytes con- 
tain the rings of Cabot. Although some believe 
them Id be the membrane of the dissolved or ex- 
truded nucleus, Schleicher holds tliat they ate 
artefacts which represent aggregated and dena- 
tured proteins of erythrocytes exposed to hemo- 
lytic agents. 

Certain toxins cause the appearance of pe- 
culiar granules in the erythrocytes of the circulat- 
ing blood — the granules of Ehrlich-Heinz. They 
can be stained with acid dyes in fixed smears and 
are products of the disintegration of hemoglobin. 

Function of the Erj'throcjles. The 
erythrocytes are carriers of oxygen. In the 
blood vessels of the lungs (or gills) their 
hemoglobin combines with oxygen and 
is transformed into oxyhemoglobin. In the 
tissues of the body where the oxygen ten- 
sion is much less than in the respiratory 
organs, oxyhemoglobin is reduced and its 
oxygen is used in the metabolic processes 
of the cells. Hemoglobin plays an equally 


important part in the transport of carbon 
dioxide from the tissues to the lungs. As 
it loses oxygen it becomes a weaker acid, 
the diminution in its acid strength being 
nearly sufficient to compensate for the 
carbonic acid formed from the oxygen it 
delivers to the tissues. In the lungs, as 
oxygen is taken up and carbon dioxide is 
lost, it again becomes a stronger acid. In 
addition, part of the carbon dioxide car- 
ried from the tissues to the lungs is com- 
bined directly with hemoglobin in the form 
of hemoglobin carbamate. 

THE COLORLESS CORPUSCLES: LEUKO- 
CYTES OR WHITE BLOOD CORPUSCLES 

TJie blood of all animals contains a 
number of colorless corpuscles. Although 
the histogenesis and morphology of these 
leukocytes have been studied inlenslv'ely, 
little is known of their fundamental physi- 
ologic functions. 

The white blood corpuscles are more 
resistant to change in the surrounding 
medium than the erythrocytes. In a drop 
of fresh blood, if desiccation is prevented, 
they remain alive for a considerable time 
and can be studied easily. Their number 
is far smaller than that of the erythrocytes, 
averaging in the normal human blood 
5000 to 9000 in a cu. mm. In children the 
figures are higher. The number of leuko- 
cytes in the circulating blood v’aries at dif- 
ferent times of the day, during digestion, 
in the various parts of the circulatory sys- 
tem and, in addition, may change rapidly 
Under the influence of numerous condi- 
tions which are hard to control. Conse- 
quently, many of the leukocyte counts that 
are made so frequently in the clinic have 
only a relative value. Tlie number of cir- 
culating non-granular leukocytes seems to 
be partially under control of pituitary and 
adrenal cortical hormones. 


C:l, M>eIoWa.t with azure granules from normal human bone marrow; 2, myeloblast from the 
blood m chronic m>eIoid leukemia; 3. Ijmphoblasts from the blood in chronic Ij-mphatic leu- 
kem.a; 5. bmphoLlast from the blood .n subacute lymphatic leukemia. (Cells 2~5 arc from pathologic 


human blood.) May-Griinwald-Giemsa-sfained dry smears. After Downi 


ey. 





Fig. 39. /. Basophil leukooMe; //. roMnopluJ leiiW>te: III, neutrophil (heterophil) leukocjte; 
crylhroote, from human hiood -lamed «»iih XUy-Grunivald Gicmsa. I, stained with thionm 
(Fig.73>. (AA.M.) 

A- crc, Erjthrocvte; lympliocyles ia, monocjtea («, /) (lom a Komanowsky-stained, dry 

smear o£ human blood. (A.A.M.) 

B- Section through a splenic simis of a rahhit infected with fiacferinm monocytogenes: Mon, Mono- 
cytes; L>m, lymphocytes; a, transitions {rom Ismphooles to monocytes; Plas, plasma cell; Lit, lining 
(littoral) cells; Spec, heterophil leukocyte. HenMto^ylm eosJn-arure stain. 120Q X. After Bloom. 
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chondria are very scarce and small and 
have the {arm of small dots or very short 
rods. They are easily stained supravilally 
with Janus green (Fig. 40). Supravital 
staining with neutral red seldom reveals 
more than three to five inclusions in man. 
In many lymphocytes in some animals, as 
the rat, a sometimes considerable number 
of small red vacuoles can be seen around 
the cytQcentrum. Except for occasional 
small lipoid droplets, no other inclusions 
are found in the living, unchanged lym- 
phocytes. 

Although the lymphocytes are nongran- 
ular leukocytes, Romanowsky-stained, dry 
smears occasionally reveal a few round 
granules of different sizes and of a bright 
purple color in their cytoplasm (Fig. 39, 
A). These are called azurophil granules. 
Unlike the granules of the granulocj'les, 
they are not a constant, specific feature 
of this cell type. 

In the su'inea pig many hmptiocytes and mono- 
cytes contain a large spherical inclusion, the 
Kurtoff body. In dry smears it stains in the same 
way as do tUa aturoplul granules and is probably 
also an accumulation of a substance elaborated by 
the protoplasm, although it has other staining re- 
actions which diileienttate it from the azurophil 
granules. In living cells the Kurfoff body is a 
homogeneous, ycllowish-grecn body. 

ilJonocylca. There is much conlusion 
as to just what a monocyle is, since the 
delimitation of this cell type has been 
obscured by the contradictory opinions of 
the proponents of the various iheories of 
blood formation. Wlien preparations of 
blood are examined objectively, it is seen 
that the nongranular leukocytes consist 
of a series of transition forms which be- 
gins with the smaller lymphocytes and 
ends with larger cells of quite different 
appearance, the monocytes, which will be 
described shortly. But in the midportion 
of this series of transitions is a group of 
cells which cannot be classified as cither 
tjpical l^ni|)hoc)les or typical monocytes. 
Tlie folloujiig description refers to the 


typical monocytes of the blood; a discus- 
sion of their origin is found on p. 000. 

The typical monocytes are large cells, 9 
to 12 ft in diameter. In dry smears, where 
they are flattened and stretched, their 
diameter may reach 20 (i (Fig. 39, A: c, 
/). They constitute 3 to 8 per cent of the 
leukocytes of the circulating blood. Tlieir 
enumeration is especially difficult because, 
as mentioned above, they cannot always 
be sharply differentiated from the larger 
lymphocytes of the blood. 

In the typical monoo-tes, the cytoplasm 
is far more abundant than in the lympho- 
C)'les while the nucleus is relatively small 
(Fig. 39, B). In the older monocytes the 
nucleus has an eccentric position, and is 
oval or kidney-shaped. A few monocytes 
have a horseshoe-shaped or deeply con* 
stricled nucleus — these ore the oldest ones. 
The nuclear membrane is much thinner 
and the cliromatin granules finer and 
more numerous than in the lymphocytes. 
Therefore, the nucleus stains paler, espe- 
cially in dry smears. One or two small nu- 
cleoli are always present, although not 
seen in dry smears. 

The abundant cytoplasm has a pale, 
grayish-blue color in dry smears stained 
with eosin-methylene-azure. Special meth- 
ods show that it contains the usual diplo- 
some and a considerable number of mito- 
chondria. At the periphery, near the 
indentation of the nucleus, is a Golgi net. 
Supravital staining with Janus green and 
neutral red reveals a spherical group of 
fine red vacuoles, the rosette, which sur- 
rounds (he cylocenirum; its position cor- 
responds with that of the Golgi net; the 
bluish-green stained mitochondria arc 
arranged in a wreath around the rosette. 
The claim that this rosette is specific for 
monocytes has been shown to be incorrect, 
for other closely allied cell tj pcs may Iia\ e 
neutral red rosettes (lymphocytes in^thc 
rat, plasma cells, some macrophages, some 
of the septal cells of the lung). The num- 
ber of circulating monocytes may be in- 
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The Icukocyics ore true cells with a ««• 
clcus and cyptojvlasm; they arc nil wore 
or Ics^i amehoid. In fresh human blood 
several tjpos can !)C disimpuished: (1) 
Small cells, about tlic size of an crjlhro* 
c) te or shphlly larger, with a scanty, clear, 
homogeneous cytoplasm and n family 
outlined, relatively large round nuciciw 
t lymphocyits > ; those merge by a ser to? of 
Iranshion forms into (2) sliglitly larger 


Fir. 40. L>Tnphoc>te of human Wood thoump 
mitochondria rtainrd nupravitBll) with ianu* 
grft-n. Alter Cowtlr)-. 

cells with nn oval or indented nucleus and 
somculiat greater amounts of cytoplasm 
(monocytes); llicsc cells are easily dis* 
tinguishahlc from (31 cells with o cyto- 
plasm filled uhh fine granule? and a 
lobatcd nucleus {heterophil granular fen- 
hocyles [neutrophil in man]). (4) There 
are nUo o few cells with coarse, round, 
yelloutsli, brilliant granules and usually 
Ino clear spots representing the nucleus 
t eosinophil gronulor fetihocytcjy . i?>\ 
Another type of leukocyte, the basophil 
granular leuKocyte, is hard to identify 
nhen unstained. Thus, the uhilc hlood 
corpuscles may he i.eparalcd into two 
groups: 1. Nongranulnr leukocites, and U. 
Granular leukocytes. 

The IVongranwIur or Lytnplioid 
Leukocytes*, Agrnmiloey tes. This group 
contains the lymphocvlcs and die monO' 
cyles. As we sliall see m the six lion on the 
lymphatic tissue, the Lirger lyinphncvles 
do not gain access to the bUK»d stream 
under normal conditions and die large 
lymphocyte of the blood is the same as the 
medium sized lymphocyte of the lymphatic 
tissue. Under abnormal conditions, large 
lymphocytes of lymphatic tissue appear in 
the blood ; they are usually called lympho- 
blasts. 



The hymphorylrt. In human hIoo<l 
the lymphocytes nrc splierical crlls 6 to 11 g 
in dionieler, nhhough a few of them may 
lie even a little larger. On tfie oieragc they 
are *Ugiitly larger than cryllirocytc?. 

Tlic charnctcri'tic feature of a small 
lymphm'yte i* n relatively very large nu- 
cleus surrounded by n thin laser of cyto- 
j>la*m. Tlie nucleus is spheric.il; on one 
side it always has a more or less marked 
indentation. In stained preparations the 
chromatin forms o thick layer at the mem- 
brane and SCI erol darkly staining p.irlic)es 
In the interior. The nucleus accordingly 
npjicars very dark, Tlir large nucleolus is 
invisible in stained dry smears. Tlie cyto- 
plasm forms n slightly larger accumula- 
tion on the indented side of the nucleus, ft 
is homogeneous and basophil; in dry 
smears It stains pale hluc with the Homan- 
oMsky cosiiMuctlivIcnc-ozurc mixture 
tFig. 39, A, n). 

In human blood the number of lym- 
phocytes amounts to 20 to 25 |)er cent of 
the total number of colorless corpuscles, 
Tlic relatively scarce lorgcr cells among 



Fig. 41. Lymptioc>lcs ol hviwan biooii showing 
cylocemnim. Atlrr Wtulrnmch. 

the lymphocytes fTig. 39, A: b, c, di are 
looked u}>on by clinical hematologists a< 
older cells. Their larger size is due to a 
sbghtly greater amount of cytoplasm 
while the nucleus remains unchanged ur 
IS less compact. 

Tlie cytocentrum is represented bv a 
pmr of centrioles located at the indeuta- 
lion of the nucleus (Fig. 41); it is >ur- 
rounded by a small Golgi net. The niito- 
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jn the normal adult blood varies from 2 
to 5 per cent of the total leukocyte count. 

The nucleus usually has two oval lobes 
connected by a thin chromatin thread 
(Fig. 35, In the young cells, which 
are rare in the blood of the normal human 
adult, the connecting bridge is thicker and 
shorter. In fixed and stained preparations, 
the lobes of the nucleus show a fairly 
dense chromatin network, but no nucleoli. 
A similar nucleus is found in the eosino- 
phil leukocytes of the other mammals. In 
the rat and mouse it is a thick, irregular 
ring. 

The cyptoplasm forms a thin, homo- 
geneous layer at the periphery of the cell. 
Il is more distinct in moving cells where 
it sends out pseudopodia. In the interior 
of the cell body the cytoplasm is reduced 
to thin partitions between the granules and 
stains faintly with basic dyes, fn the mid- 
dle of the cell body a small area free of 
granules is occupied by the cytocentrum 
with its diplosome. 

The coarse, highly refringent, specific 
granules, 5n man, are spherical and are 
stained electively with acid dyes; after the 
usual Uomanowsky eosin-methylene-azure 
stain they are red. (Fig. 39, 11). Supra- 
vital staining with Janus green reveals a 
few mitochondria between the eosinophil 
granules. With the exception of some 
fishes, all vertebrates have typical eosino- 
phil leukocytes in their blood. 

The Basophil Leukocytes. Tlicse 
cells are difficult to find in human blood 
because they form only about one-half of 
1 per cent of the total number of leuko- 
cytes. Their size is about the same as that 
of the heterophil leukocytes (see below) . 
In a dry smear they measure 10 ^ in di- 
ameter. The nucleus is elongated, usually 
bent in the form of an S, and provided 
with two or more constrictions. The chro- 
matin network is looser and paler than in 
the eosinophil leukocytes and does not 
contain any nucleoli Tlie granules in the 
cytoplasm of the living cells have a low 


refractive index. Their substance, in man, 
is soluble in w’ater and, therefore, in prep- 
arations stained with the usual watery dye 
solutions, the granules are partly dissolved 
and disfigured. In dry smears or in sec- 
tions of alcohol-fixed material, the cyto- 
plasm contains round granules of different 
sizes, which stain a metachromatic purple 
color with alcoholic thionin or toluidin 
blue (Fig. 39, /). Supravital application 
of neutral red gives the granules a dark 
red color. 

The solubility of the basophil granules 
has created considerable confusion in re- 
gard to the nature of these cells, but the 
use of suitable methods leaves no doubt as 
to their truly specific nature. 

The basophil leukocytes show considerable 
variations in dilTerent species of vertebrates. Jn 
some mammals, as the guinea pig, their granules 
are large, oval, insoluble in water, and stain but 
faintly. In the dog. tlie granules are very fine and 
are assembled in a small compact group. In the 
cat, rat, and mouse, the basophil leukocytes seem 
to be absent from the blood normally. In the lower 
vertebrates the variations are still greater. 

The Hcfcropfiil Lcitkocytes fiYcii* 
trophil in Man). This type of leukocyte 
is the most numerous and physiologically 
the most important in the blood of all ver- 
tebrates. In fresh human blood these cells 
can be recognized easily by their fine 
granulation, which is seen especially well 
during tlieir ameboid motion (Fig. 35, 
Lk) . The size of the spherical cells in fresh 
condition is from 7 to 9 fi. In a dry smear 
they measure Irom 10 to 12 /u, and consti- 
tute 65 to 75 per cent of the total number 
of leukocytes. 

The nucleus is highly polymorphous. It 
is an elongated, bent or twisted body 
which consists of several irregularly oval 
or angular lobes connected by very thin 
chromatin threads. During ameboid mo- 
tion the nucleus undergoes passive 
changes of its form, but the constrictions 
and die thickenings are constant. Tlie 
number of the lobes varies from 3 to 5 and 
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crca'ictl cxpcnmcnlallj- in rni»I)ils by in* 
fcction with li. monocytogenfs (Murray 
oiul co-worVcrs’l, or by injcclinn* of the 
phospltoUpins of the tubercle bacnius 
(Sabin). 

Monoc)tcs arc often erroneously itlcn- 
lincd ^vitb macroplingcs, C5)>ccially in 
some infinunnntory processes \sbefc all of 
tlie mononuclear exudate cclN liave been 
loosely spoken of as constituting a **mono* 
cyltc reaction” (seep, 109). 

Tl»c Grnnulnr Leukocytei* <jr Oran* 
ulocyles. In contrast to the lymphocytes 
and monocyte?, the gramdocytes alivays 
contain granules elaborated in their cylo* 


bntrkf nucleus of the mature cells gr.id* 
uolly dcN elojrt from ilir compact, spherical 
nucleus ubich is found in ibc young forms 
(sec Fig. C7). In ibc lower vertebrates ibe 
iiuclriis in ibe mature granular leukocytes 
often remains compact. Altbougb different 
classes of granulocytes may be identified 
on the basis of tbeir nuclear form and llie 
morphology of llie cytoplasmic granules, 
tbc most convenient classification is base<l 
ii|»on a combmation of the morphology 
ami staining reactions of tbc granules. 

In such a classifiralion. the granulo. 
cytes fall into three general groups de«ig. 
nnted as (1) ncidopjiU, (2) basophil and 



Man 



Ifabbit 



Quinta fitg 





Pbesut monhty 


i 



Cof Chicken 


Hg. 42. llclcrojihiJ leukocytes oi fctrrai species. NoJe Ibe rsmtions In »l7e and »)aming of jlie granule* 


in liiOM? ?i>cc«cs in hIucIi lliei arc prc.cnl. WriRlit’a flain. 


plasm. These granules ore of the same 
form in any given cell, but ore distinctly 
different in various classes of gmiuilo- 
cytes in a given species and in the hoinob 
ogous cells of different species. They ma\ 
be relatively large or small, spherules or 
ovoids, or may be irregular in outline, 
filamentous or rod-shaped. Another gen- 
eral chamcteristic of the mature gnanular 
leukocytes is the shape of their nucleus. In- 
stead of being spherical and slightly in- 
dented or kidney-shaped, as in the major- 
ity of the nongranular leukocytes, the 
nucleus of the granulocytes is constricted 
into a varying number of lobes. The lo- 


(3l bclcropliil leukocytes Inculrojihil in 
inonl. In the first, tbc granules in theevto* 
plasm arc most often splicrical or oval and 
are cleclivcly stained with acid dyes; in 
the second they are of similar form, but 
stain elcclively with baste dyes; while in 
the third group the granules, alOimigh 
constant in a particular species, differ 
to form, size, and staining reaction accord- 
ing to species. tSee Fig. 42.) 

The Acidophil or Eosinophil Lett’ 
kocytes. The diameter of these cells, 
which are spherical in the fresh condition, 
is about 9 /t. In dry smears the size of the 
flattened cells is about 12 p. Their number 
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pbagocytosed inclusions. In animals injected Jn- 
{ravenously with vital dyes or corpuscular matter, 
such as blood cells, large riuantities ol these sub- 
stances accumulate In the free macrophages (see 
p 97). They originate in the spleen, hver, and 
hone marrow {tom fixed macrophages tliiough 
contraction and isolation. They are found espe- 
cially in the blood of the veins and of the right 
heart, and the major part of lliem is filtered off 
in the capillaries of the lungs, hut some may occa- 
sionally enter the general circulation. 

The free macrophages appear in the blood in 
certain diseases especially in those of septic na- 
ture. Their presence in the normal Wood as 
claimed fay some authors is doubtful and their 
presence in the falood even in pathologic cases is 
considered by some to be merely an agonal phe- 
nomenon. Confusion has been created in the ques- 
tion of the blood macrophages because many 
authors did not distinguish these cells from the 
md[toc)tes. The cells described hy some aafliurs 
in leukemias and other diseases under the name 
of JiemolustioWasts are for the most part the same 
free macrophages. In some cases, artificially dam- 
aged iiemocytoWasts or m>eIocytes in dry amears 
also seem to have been mistaken for free macro- 
phages or hemohistioblasts. 

The Functions of the Lcuhocjtcs, 
Very iittle is known of the physiologic 
functions of the leukocytes. For the most 
part they seem to be inactive cells while 
in the blood stream. From experiment 
and pathologic material it Is known that 
they arc all able to move, some of them 
can phagocytose bacteria, others can turn 
into netv cell types, while all of them are 
very prominent in various types of infiam- 
mation. 

Amebhm. All leukocytes are capable 
of ameboid motion, although in different 
degrees. The movements can be obsen'ed 
easily in a drop of fresh blood protected 
from desiccation and kept at body tem- 
perature. The heterophil leukocytes are 
endowed with the greatest motilitv of all 
leukocytes. The factors concerned in the 
aniebism of leukocytes are discussed by 
DeBruyn. 

The clear, marginal layer of c> 1 opla«in or ecto- 
plasm sends out long, pointed p^eudopodia; lhe<e 
rapitll) become larger and inlo them flows the 
endoplasm. The granules stream in various direc- 


tions, fani do not show Brownian movement as 
long as the cell U alive. When the latter dies and 
swells Brovmian movement usually sets in at 
once The eosinophil leukocytes are slow in llieir 
moTcntents and their lobated pseudopodia have a 
rounded, smooth edge. The basophil leukocjtes 
move still more slovly. The monocytes are very 
active, especially in tissue cultures of leukocytes 
and in the tissues of the living body. If the ex- 
ternal conditions are-favorable, as in cultures of 
leukocytes or in the tissues of the living body, 
even the smallest lymphocytes display a remark- 
able activity. Their scanty cytoplasm assembles 
on one side of the nucleus in a rounded mass, 
whicli changes tis outlines rapidly and sends out 
small, budhke pseudopodia. While the ceil is in 
progressive ntolion, the whole cell body and the 
nucleus are usually drawn out wormlike or are 
irregularly twisted. The nucleus lies at the an- 
terior end of the moving cell as a rule If move- 
ment is on a flat surface, part of the cytoplasm 
may trad behind. 

The omebtsm of the leukocytes explains 
why they are not confined to the system 
of blood or lymph vessels, but may be 
found everywhere m Ihe connective tissue 
and occasionally even in other tissues. 
Under physiologic conditions, single 
leukocytes, especially lymphocytes, con- 
stantly migrate out of the vessels into the 
tissue, and may at any lime return again 
into the blood or lymph channels. There 
is a constant exchange of these cells be- 
tween the blood and the other tissues. 

The leukocytes in all probability per- 
form their functions only when outside 
the vascular system. If these cells are 
needed in any part of the organism, they 
assemble rapidly in the blood vessels of 
the region and migrate into the tissue. 
This manifests itself on an especially large 
scale in infiammation — the reaction of the 
tissues to local injuries. The emigration 
of leukocytes is one of the cardinal phe- 
nomena of inflammation, and is easily 
watched in the living tissue. All stages of 
this process can also be demonstrated in 
fixed and stained slides of inflamed tissue 
(Fig, 89), 

Leukooirs !<> passing llirough vef»el walls 
may arcmnulale ia enormous num!>ers in a tissue 
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is beiicvcii to increase wit)» lljc ope of the 
cell. Unticr phjsiologic conditions the mn* 
jorily of llic cells hove n ihrce-lohrd nu- 
cleus. In pathologic cases the«c rclalions 
may change ccmsidrrahly. A dark chroma- 
tin nctuork is ‘•ocn in the lohcs in stainei! 
sections; nucleoli arc nh«onl. 

TIjc cjlojilasin has a peripheral, homo- 
geneous la)er whirli forms the p-endo- 
podia. 'Die inner, sliglnly acidophil mass 
is full of \cry fine granules except for a 


In oihrr mammiN ihr granule* Iiarc a rariahle 
nizr anij Mainin;; rMriinn wiiJcli arc more ot le«» 
t}|>feal fur the In ifir puin^'j pJR and 

rahhit l1)e gTanoIrs are ilainahle with atiiirr acid 
« I»j»»c d)fs, ahhotich llipy »Iiow a |ireJdrctioji 
f«r aWtl <l)f« amt. tlicrffore, wrre called p»eucl<>- 
codnophiN. In ^i^fnr »prciM the pranulc* arc *a 
smati that they arc hardly »crn with the Idfhesl 
IKjrtcf^ «f the m(cro*co{>c. 

Ahitorma) Fumi* of l^cuLoryir*, Jn i-ome 
il»»cj»c« the hicxxl may mnlajn dcprnerallnjr letj- 
locytc*. Varufilr*, dru;de(« of fat or lf;ioid« may 
apiwar In the jTn)io|>la»m. Thc-p are well >he\»ii 



Fip. '13. lla-opliil {:ran«Iar leukocvle* m the local reaction of the connective li««ue of a puinca pip 
to tlie injciitoR of veniricolin 10 duv# pre«i«ojl>. llematos)lin-etMin-arure ll. 2210 X- Courtesy of 
N. I'limiiton 


small, clear area in the center of the cell 
body which contains the diplosome. In 
man llie granules are stained with neutral 
djes, and are. therefore, called neiiir«>|ihil. 
The Romanousky nii\inre gi\cs (hern a 
purple hue (Fig, 39, ///t. Thev can also 
be stained with acid d^e^ su<h as ccsin. 
Supravital staining with jamis grepu re- 
veals the presence of a few iiniDchondria 
Neutral red applied supravitally gives the 
granules an indistinct, veiy pale, yellow- 
ish hue. Occasionally, small vacuoles and 
inclusions of fat or glycogen can be found 
between the granules. 


h) the u«e of »upra\>tal sia>n«. In the pranular 
iciiLocytrs ihe nucleus may underpo frapmenta- 
fion into separate parts irhethi or dirinlcape 
(piAnosis). Atvpical fonns of leukocytes are also 
knovtn. Such are the Rieder cefh and the *“irrif8 
tion forms.” The first are helieved to he senile 
Jymplioc>rcs. Tliey possess l!»e usual basophil 
protoplasm and a polj niorplioos, constricted nu- 
cleus. The second have a highly basophil, non 
granular protoplasm and are considered by some 
to be plasma cells circulating in the blood. Im- 
mature leukocytes enter the blood in certain dis- 
eases (sec Fig. 39, C). 

Free Macrophages of the Blood . — Many inves- 
tigators have described macrophages in the blood 
Tliejr have a large, eccentric nucleus and a vacuo 
lated. ameboid cytoplasm which often contains 
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phagocytosed inclusions. In animals injecJed in* 
travenously with vital djes or corpuscular maWef, 
such as blood cells, large quantities of these 8oh- 
stances accumulate in the free macrophages (see 
p. 97) . They originate m the spleen, liver, and 
hone marrow from fixed macropiiages through 
contraction and isolation. They are found espe- 
cially in the blood of the veins and of the right 
heart, and the major part of them is filtered off 
in the capillaries of the lungs, but some may occa- 
sionally enter the general circulation. 

The free macrophages appear in the blood in 
certain diseases, especially in those of septic na- 
ture. Their presence m the normal blood os 
claimed by some authors is doubtful and their 
presence in the blood even in pathologic cases » 
considered by some to be merely an agonal phe- 
nomenon. Confusion has been created in the ques- 
tion of tlie blood macrophages because many 
authors did not distinguish these cells from the 
monocytes. The cells described by some authors 
in leukemias and other diseases under the name 
of iiemohislioblasts are for the moat part the same 
free macrophages. In some cases, artificially dam- 
aged hemocytobUris or myelocytes in dry smears 
also seem to have been mistaken for free macro- 
phages or hemohiatiobUsts. 

Tlie Functions of the Leukocytes. 
Very liltle is known of the physiologic 
functions of the leukocytes. For the most 
part they seem to be inactive cells while 
in the blood stream. From experiment 
and pathologic material it is known that 
they are all able to move, some of them 
can phagocytose bacteria, others can turn 
into new cell types, while all of them are 
very prominent in various types of iiiflam- 
mation. 

/fmebisrn. All leukocytes are capable 
of ameboid motion, although in different 
degrees. The movements can be observed 
easily in a drop of fresh blood protected 
from desiccation and kepi at body tem- 
perature. Tlie heterophil leukocytes are 
endowed with the greatest molilitv of all 
Jciikocyfes. The factors concerned in the 
amebisni of leukocytes are discussed by 
DeBruyn. 

The clear, marginal layer of cytoplasm orecto* 
pl3«m sends out long, painted pseudopodia; these 
rapidly become larper and info them flows the 
endopIa«m. Tlie granules stream m various direc- 


tions, but do not sliow Brownian movement as 
long as the cell is alive. When the latter dies and 
swells. Brownian movement usually sets in at 
once. The eosinophil leukocytes are slow in their 
movements and their lobated pseudopodia have a 
rounded, smooth edste. The basophil leukocytes 
move still more slowly. The monocytes are very 
active, especially in tissue cultures of leukocytes 
and in the tissues of the living body. If the ex- 
ternal conditions are favorable, as in cultures of 
leukocytes or in the tissues of the living body, 
even the smallest lymphocytes display a remark- 
able actmty. Their scanty cytoplasm assembles 
on one side of the nucleus in a rounded mass, 
wiiidi clmnges its outlines rapidly and sends out 
small, budlike pseudopodia. While the cell is in 
progressive motion, the whole cell hody and the 
nucleus are usually drawn out wormhke or are 
irregularly twisted. The nucleus lies at the an- 
terior end of the moving cell as a rule. If move- 
ment is on a flat surface, part of the cytoplasm 
may trail behind. 

The aroebisro of the leukocytes explains 
why they are not confined to the system 
of blood or lymph vessels, but may be 
found everytvhere in the contteettve tissue 
and occasionally even in other tissues. 
Under physiologic conditions, single 
leukocytes, especially lymphocytes, con- 
stantly migrate out of the vessels into the 
tissue, and may at any time relurn again 
into the blood or lymph channels. There 
is a constant exchange of these cells be- 
tween the blood and the other tissues. 

The leukocytes in all probability per- 
form their functions only when outside 
the vascular system. If these cells are 
needed in any part of the organism, they 
assemble rapidly in the blood vessels of 
the region and migrate into the tissue. 
Tliis manifests itself on an especially large 
scale in inflammation — reaction of the 
tissue to local injuries. The emigration 
of leukocytes is one of the cardinal phe- 
nomena of infiammation, and is easily 
watched in the living tissue. All stages of 
this process can also be demonstrated in 
fixed and stained slides of infiamed tissue 
(Fig. 89). 

Lcukuc>te9 by passing dirough vetsel walls 
majr accumulale in enormous numliers in a tissue 
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which s short liioe previoHsly tll<l not conlatn 
any. The immlpration of llw lcul.or)tei, thought 
to lie 5niJi.ilc<l hy poMii\r1y chrmoiatUc aub* 
slantM wlikh ari<e to the lis'ue, Tfachft lU 
tnoximuni In infretitjns with {ijopenlc hacteria, 
t« Iicre tlie cxtrata^cular tissues hecome m ifcnscljr 
in'oifcd h>' leukocjtcs os to ohseure the orlBloal 

li'sDe pattern. ^ 

NViicn acute jnflammntinn beRins, the coJoilm 
corpuscles msRratc rapidly Into the ti»««e and !n» 
ftlirate it. The l>n>phoc>les and monoettes mh 
sraft into the iJs'ues lOFCther with the heterophil 
Ictikocjic*. ahlioitph, at firrt, usu.ill)r in smaller 
ntittihcrs. But while the migration of the FtannlO' 
c)tcs soon suhshlrs, the mipTatirin of the ftRtanulo* 
cvtcs extends over a much lojiper period of time 
and represents one of the tt<ihle manifestations 
of a tiinre chronic infl.-inimaiion. As will he rhown 
later, the ultimate fate of the** various t>{»es of 
lcuVoc>lcs in inflamm.ition S< cjinJe diflerenl (p. 
Ul) .The eosinophil and hasophil leukocytes aNo 
miFtale from the blood sej*els, hut, as a rule. In 
>cry much smaller numliers. 

Phnpotyto^h ttntf Officr Fttncffi>ti«. 
The htlwoBbil grastutocylcs dtsplay a 
inaTkctl capschy for ingcsltitp small, tliv 
Crete panicles, such as cinnabar, carbon, 
anti bacteria. Tiiia action may occur wWv 
in the circulating blood stream, but ts dis- 
tinctly more extensive tn cxtravascular 
locations. Sucli pliagocj'iosls can be 
ualclicd outside of the body tvhen living 
leukocytes and bacteria are brought to* 
gclhcr under suitable conditions. 

The phagocytosis of bacteria by the 
heterophil grnmiloc) Ics is of great biologi' 
cal importance, as it is one of the means 
by which the host destroys hacterta, inas- 
much as these cells have the power of di- 
gesting the included micro-organisms. It 
is believed that the issue of the infection 
may sonteliincs depend directly upon the 
extent of phagootosis. In nianx of the 
infectious diseases the number of hetero- 
phil leukocytes in the tirculatmg blootl is 
markedly increased {h’ukocyton^) 

It is easy to show by cliaracterisiic re- 
actions that the heterophil granulocytes 
contain proteolytic and oxidizing en- 
zymes, A positive oxidase reaction is not 
limited, however, to the granulocytes, but 


may I»c disjilnycd al<o by nongranular 
leukocylw. 

Tlic co*iiio])hil granules give a marked 
oxidase reaction. Tlic eosinophil leuko- 
cytes dix[>lay phagocytosis hut rarely, if 
ever. Tlieir number inerM-'es greatly in 
the blood \>ltcn certain animal parasites 
arc in the body, 'Ibey may accumulate in 
enormous numbers in local tissue areas, as 
in the mucous inembratte of llic respira- 
tory passages in bronchial asthma, or 
about nnimn! parasites. 

Tlic function of the basophil leukocytes 
ami the chernica! nature of their granules 
arc imknoun, Tliey increase in number in 
the blood stream of gtnnc.i pips infected 
tvitli B. njonocy/oge««, Tlicy ap|)car in 
great numlicrs in the inRamcd orca caused 
by the local injection of egg olbumin or 
ventriculin in guinea pigs. 

Tlie normal physiologic role of the non* 
granular leukocytes ujlhin the blood 
stream ts as yet nndclerniined. lloHCvcr, 
some of their activities, csjicciolly in ex* 
travascular locations, bare been studied 
extensively. It is known that they bear 
certain morpljologic relations to eacl» 
other nnd liial they undergo marked irans* 
formations, especially in inflammation. 
Whereas the agranulocylcs in the blood 
slccam rarely, if ever, arc phagocytic, 
under suitable cxtravoscular conditions 
the monocytes, in contrast to the small 
lymphocytes, ore able to engulf particulate 
mailer. Tlie lymphocytes do not give the 
oxidase reaction; most of the monocytes 
do. Tliat the lymphocyte plays an impor- 
tant part in the local reaction of a tissue 
to invasion by malignant tumors is held 
by a few obserxers. The lymiphocytes accu- 
mulate in small numbers about autogenous 
tissue grafts and in greater numbers about 
homoplastic tissue grafts. Heteroplastic 
grafts arc surrounded by large numbers 
heterophil leukocytes and lymphocytes 
(Loeb). Dougherty and While believe that 
lymphocytes are a source of antibodies 
(page 85). 
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The Blood Platelets. In the circulat- 
ing blood the platelets of all mammals are 
small, colorless corpuscles. They are 
round or oval, biconvex disks ; 'when seen 
in profile they look like small, plump spin- 
dles or rods. Their size is not quite uni- 
form, the overage being 3 p.. Their number 
varies considerably and is usually given as 
250,000 in 1 cu. mm. of bipod, although 
some authors give much higher figures. It 
is extremely dilfieult to determine the real 
number, because as soon as the blood 
leaves the vessel the platelets adhere to one 
another and to all surfaces with which 
they come in contact (Fig. 35) . 

In a fresh drop of blood the platelets at 
once agglutinate into small and large clus- 
ters and stick to the glass. They are the 
lightest elements of the blood so that in 
centrifuged blood they form the upper- 
most white layer, lose their smooth out- 
lines, and finally disintegrate into small 
groups of granules. Simultaneously, 
around and radiating (tom them, fibtiU of 
fibrin appear in the plasma (Fig. 351. 

They may be preserved {or observation by ren- 
dering the blood incoagulable through the addi- 
tion of such substances as Mdium citrate or he- 
parin. In such blood the platelets remain un- 
changed for a long time. Of all fixing reagents, 
solutions of osmic acid preserve them best. In 
rapidly prepared dry smears, the platelets arc 
preserved as round corpuscles. 

After fixation and staining with the Ro- 
manowsky mixture, each platelet is seen 
lo consist of two parts. One is highly re- 
fractile and contains purple granules. 
This is the c/iromomere. The other is pale 
and homogeneous, and stains a pale blue 
— the hyolofnerc. The chromomere occu- 
pies a central oi: peripheral position. The 
hyatomcre is often seen to send out 
pointed processes (Fig. 44). Sometimes 
the platelets contain small vacuoles. 

The nature of the platelets is not known. 
Some older authorities believed them to be 
unorganized precipitates of the blood 
plasma. Others considered them to be 


products of disintegration of erythrocytes, 
or remnants of the nucleus or the cytocen- 
trum of the red or while blood corpuscles. 

At present the dominant opinion con- 
nects the origin of the platelets with pe- 
culiar giant cells, the megakaryocytes, 
which ate found in tKe hone marrow of 
all mammals (p. 92). These cells have a 
protoplasm which stains a pale blue with 
the Romanowsky mixture, and contains 
large numbers of azurophil granules, 
sometimes arranged in small, dense 
groups. Some authors claim that pseudo- 
■podia-like excrescences, containing azuro- 



Rg. 44. From a dry, Romanowsky-stained 
sm?ar of human blood sho-wing plaVelcts -wilh 
their hyalomere and the dark, punctiform chromo- 
mere. 

phil granules, become pinched off the 
surface of the megakaryocytes and enter 
the blood stream as platelets. That such 
is the actual formation of platelets is ques- 
tioned by recent investigators. 

The changes of the platelets in a fresh 
drop of blood make it very probable that 
they play a part in the coagulation of the 
blood. It is believed by some that they are 
the source of the enzymes which are neces- 
sary at least to initiate this process of 
clotting. Howexcr, they cannot be the only 
Source of such enzymes, because blood 
plasma freed of platelets clots nevertheless. 
As they arc not true cells wilh a nucleus 



TEXTBOOK OF HISTOLOGY 


52 

which a short time previousl)' did not contain 
any. The immi^tration of the Ieukoc>tcs, thought 
to be initiated by positively cliemotactic aab- 
slances wiilcJi arise in the tissue, rcachc* its 
maximum in infections with pyoBenie bacteria, 
where the extravascular tissues become so densely 
invaded by leukocytes as to obscure the original 
tisbuc pattern. ^ 

When acute inflammation begins, the colorless 
corpuscles migrate rapidly into the tissue and in* 
fiUrate it. The lymphocytes and monocytes ml* 
grate into the tissues together with the heterophil 
leukocytes, although, at first, usually in amaller 
numbers. But while the migration of the granolo* 
cytes soon subsides, the migration of the agranulO' 
cytes extends over a much longer period of time 
and represents one of the visible manifestations 
of a more chronic inflammation. As will lie shown 
later, the ultimate fate of these various types of 
leukocytes in inflammation is quite different fp. 
111). The eosinophil and basophil leukocytes also 
migrate from the blood vessels, but, as a rule, in 
very much smaller numbers. 

Phagocytosis and Other Punctions, 
The heterophil granulocytes display a 
marked capacity for ingesting small, dis- 
crete particles, such as cinnabar, carbon, 
and bacteria. This action may occur triih- 
in the circulating blood stream, but is dis- 
tinctly more extensive in extravascular 
locations. Such phagocytosis can be 
watched outside of the body when living 
leukocytes and bacteria are brought to- 
gether under suitable conditions. 

The phagocytosis of bacteria by ihc 
heterophil granulocytes is of great biologi- 
cal importance, as it is one of the means 
by which the host destroys bacteria, inas- 
much as these cells jjave the power of di- 
gesting the included micro-orgamsms. It 
is believed that the issue of the infection 
may sometimes depend directly upon the 
extent of phagocytosis. In manv of the 
infectious diseases the number of hetero- 
phil leukocytes in the circulating blood is 
markedly increased {leukocytosis) . 

It is easy to show by characteristic re- 
actions that the heterophil granulocytes 
contain proteolytic and oxidizing en- 
zymes. A positive oxidase reaction is not 
limited, however, to the granulocytes, but 


may be displayed also by nongranular 
leukocytes. 

Tlie eosinophil granules give a marked 
oxidase reaction. Tlic eosinophil leuko- 
cytes display phagocytosis but rarely, if 
ever. Tltcir number increases greatly in 
the blood when certain animal parasites 
are in the body. Tlicy may accumulate in 
enormous numbers in local tissueareas, as 
iit the mucous membrane of the respira- 
tory passages in bronchial asthma, or 
about animal parasites. 

Tlie function of the basophil leukocytes 
and the chemical nature of their granules 
are unknown. They increase in number in 
the blood stream of guinea pigs infected 
with fi. monocytogenes. Tliey. appear in 
great numbers in the inflamed area caused 
by the local injection of egg albumin or 
ventriculin in guinea pigs. 

Tlte normal physiologic role of the non- 
granular leukocytes within the blood 
stream is as yet undetermined. However, 
some of their activities, especially in ex- 
travascular locations, have been studied 
extensively. It is known that they bear 
certain morphologic relations to each 
other and that they undergo marked trans- 
formations, especially in inflammation. 
Whereas the agranulocytes in the blood 
stream rarely, if ever, arc phagocytic, 
under suitable extravascular conditions 
the monocytes, in contrast to the small 
lymphocytes, are able to engulf particulate 
matter. The lymphocytes do not give llie 
oxidase reaction; most of the monocytes 
do. That the lymphocj'te plays an impor- 
tant part in the local reaction of a tissue 
to invasion by malignant tumors is held 
by a few observers. The lymphocj tes accu- 
mulate in small numbers about autogenous 
tissue grafts and in greater numbers about 
homoplastic tissue grafts. Heteroplastic 
grafts are surrounded by large numbers 
of heterophil leukocjles and lymphocytes 
(Loeb). Dougherty and White believe that 
lymphocy’tes are a source of antibodies 
(page 85). 
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and cylopbsm, the term “throtnbocyies” 
is not applicable to them. Platelets are 
absent from the blood of the lower verle* 
brates. These animals have, instead, nu- 
cleated spindle cells or thrombocytes, 
which play a role in blood clotting. 

Blood Clottins. Blood, as il cirfinlates nor- 
mally in llte vascular system, is a liigkty special- 
ized fluid (issue. Upon cessation ot the circulation 
or upon removal ol blood from (lie vessels, how- 
ever, the fluidity is rapidly lost, the blood becom- 
ing a jelly-like mass. This eliange is termed 
“blood clotting” or “blood coagulation.** 

The physical factor involved in this change is 
the agptegalioti of a protein of the normal plasma 
into threads which form an interlacing neiwork, 
m the small meshes of which are entangled the 
blood corpuscles and the aqueous menstruum. 

The dispersed protein of normal plasma which 
contributes to the formation of the network is 
designated fibrinogen. This, when modified physi- 
cally and chemically to form the network, 
IS known as fibrin. The Ihiuid fraction of the 
plasma which remains after the subtrattlon of 
flbrm is called serum or blood serum. 

Although many factors are known which mod- 
ify the speed and etitenl of fibrin formation, and 
hence of blood clotting, no ultimate analysis of 
the piiencmenott has been reached. Methods have 
been developed by which fibrin formation may 
be so delayed as to allow separation of plasma 
from the blood corpuscles. 

For the details of clotting and the chemical 
composition of the blood, lefeitnce should be 
made to a text on physiologic chemistry. 

Tiic Lymph. The lymph, the liquid which fills 
the lymphatic vessels, is collected from all over 
the body and returned (o the blood. The composi- 
tion of the lymph arisrng m different organs 
vanes markedly. There are no cells m the unall* 
est lymph vessels, the lymph capiliaries. As it 
passes through the lymph node*, however, more 
and more cells are added to the lymph. In (he 
thoracic duct it is a more or less opaque, some- 
times pinkish liquid which contains large num- 
bers of cells. The lymph here is similar to tlie 
plasma of the blood ; it also clot-, although the 
clot is much looser and eofter. The number of 
cells in the fymph varies within very wide limns, 
although their character is uniform As a rule, 
besides some few erythrocytes and occasional 
eosinophil leukocytes, the vast majority, abwil 93 
per cent, are lymphocytes of which the «niall 
lymphocytes form 80 to 85 per cent. Medium- 
sized and, especially, large lymphocytes are rela- 


lively rare. Cells of monocytic character occur 
but scry rarely under physiologic conditions; the 
same w true of larger cells of the macroplugc 
type. Under pathologic or e.vpcfimcnlal condi- 
tions, including tissue cultures of lymph, the cel- 
lular aspect of the lymph changes rapidly, and 
numerous macrophages develop from the lympho- 
cytes. 

Tlie lymph from the small intestine contains 
ntuclt fat; during digestion the lymph licrc has a 
milky appearance and (hese lymphatic vessels 
were therefore celled lacieafs. 
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guished in it; (1) the collagenous or 
^vllite fibers, (2) the elastic or yellow 
fibers, and (3) the amorphous ground 
substance. 

Collagenous Fibers, AH types of con- 
nective tissue show collagenous fibers as 
their most characteristic element. In the 
loose tissue these are long, straight or 
wavy threads or ribbons of 1 to 12 /* in 
thickness. They run in all directions (Fig. 
48) and their ends cannot be found. They 
are colorless and show a more or less dis- 
tinct, longitudinal striation, while in cross 
section they seem granular or dotted. 
Their appearance results from the fact 
that the fibers consist of extremely fine, 
parallel, collagenous fibrils, 0.3 to 0.5 f* 
in thickness, believed to be held together 
by a cementing substance, presumably a 
protein, since it is digested by trypsin. On 
the surface of the fiber the cement sub- 
stance forms a thin membrane. The fibrils 
are thought not to branch, but the fibers 
branch in many places. In electron micro- 
graphs the fibrils are cross striated, the 
distance between the bands is 644 A on 
the average. When stained with phospho- 
tungstic acid each striation appears as a 
series of bands (Fig. 45). 

The collagenous fibers are very flexible 
but offer great resistance to a pulling 
force; they are not elastic in the common 



Fig. 45. Efectron micrograph of collagen fibril 
from tenilon of rat tail. Phospholunpslic aciil 
stain. 110,000 x. After Schmitt, Hall and Jakus. 

sense of the word. In boiling water, the 
collagenous substance dissolves and yields 
n solution of animal glue or gelatin. In 
weak acids and alkalis the collagenous 
fibers swell. Pepsin in acid solution di- 


gests the collagenous bundles but they 
resist alkaline trypsin solution. 

A very typical microscopic reaction is obtained 
with dilute formic acid (Fig. 46), This causes 
the bundles to swell considerably, lose their longi- 



Fig. 46 Swelling of collagenous fibers, from the 
loose connecine ti«sue of a rabbit, on the addition 
of per cent formic acid. 185 X> (A.A.M.) 

tudinaf striation, and become transparent; in 
many places these swollen bundles are constricted 
transversely or obliquely. No satisfactory explana- 
tion of this phenomenon has been given as yet. 

It has been suggested that the cementing mem- 
brane contracts and thus cuts deeply into the 
soft, swelling, collagenous mass, thus forming the 
constrictions. Another explanation is ba«ed on 
the supposed existence of clastic fibers spirally 
surrounding the collagenous bundles. 

Concentrated acids and alkalis de^troy col- 
lagenous fibers. Strong acids ate therefore used, 
in the process called maceration, to soften the 
tissues of difTereni organs so that the cells may be 
separated from the interstitial connective ii«sue. 
Collagen gives an insoluble product with salts of 
heavy metafs and with tannic acid ; the tanning of / 
feather is ba'ed on the treatment of the collag- ' 
enous fellwork of the skin wiili tannic acid. Col- 
lagenous fibers have no specific staining reac- 
tions; however, aciil aniline dyes, as for instance 
the acid fuebsin of the van Gicson stain or the 
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THE CONNECTIVE TISSUE PROPER 


The conneclive tissue proper always 
contains fibers in its intercellular sub- 
stance. Ab this svsbstance and the cells 
present nuinerous variations, this type of 
tissue may he subdivided into numerous 
categories. The classificalton is difficuU 
and inexact, for the dilTercnl categories are 
linked by transitional forms. Even in the 
adult organism one of connective tis- 
sue may be directly transformed into 
another. 

The following classification is based on 
purely morphologic criteria: 


which occur in the other kinds of connec- 
tive tissue, and serves as a prototype of 
the connective tissue in general. U is a 
t^hitish, sticky mass, which fills out the 
spaces bctucen the organs and penetrates 
with the blood vessels into llie interior of 
the organs. When tijc organs are sepa- 
rated from one another it is stretched be- 
tween \hfm in thin membranes and 
threads, and is easily torn during dissec- 
tion. Like a collapsed sponge it contains 
innumerable potential cavities which can 
be easily filled artifically with liquids or 


Connective tissue 
proper 


A — Loose connective tissue 
B — Dense connective tissue 

C — Regular connective tissue 


D — Connective tissue ivUh 
special properties 


Tendinous or ligamentous 

Fibrous membranes 

Lamellated 

Mucous 

Elastic 

Reticular 

Adipose 

Pigment 

Connective tissue of the 
gastro - intestinal and 
uterine mucous mem- 
branes 

Interstitial connective tis- 
sue of lungs, testis, and 
ovary 


THE LOOSE CONNECTIVE TISSUE 
The loose connective tissue develops 
from the mesenchyme which remains after 
all the other types of the connective tis- 
sue have been formed. It contains almost 
all the cellular and intercellular dements 


air. These are the “cells” of the old 
anatomists, who are responsible for the 
name, “areolar tissue,” sometimes used. 

Intercellular Substance. The inter- 
cdlular substance forms the main mass of 
the tissue; three parts can be distm- 
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cell types: fibroblasts, undifferentiated 
cells, macrophages, lymphoid u’andcring 
cells, mast cells, eosinophils, plasma cells, 
pigment cells, and fat cells. 

Fibroblasts (Fibrocytes, Desmo- 
cytcs ). These are the common connective 


slender spindles. Their elongated or star- 
shaped body sends out several spear- 
shaped processes u’hich end with one or 
several points. These cell bodies are easily 
demonstrable with iron hematoxylin but 
are hard to see in heinatoxyh'n and eosin 


Ameboid wandering cell Fibroblast Elastic fiber Fixed macrophage 



Collage 

enous 

fibers 


Fixed 

macro- 
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y 

Erythro- 

cyte 


Fig. 48. Section tiirougli sligiitly edematous ^uI>cutaneous, loo^e connective tissue from the thigh 
of a man. Iron-hemaioxylm stain. 950 X. (A.A.M.) 


tissue cells and are called fibrobla'^ls be- preparations (Fig, 40)- The cells arc 
cause they are generally believed to he usually adjacent to the surface of the col- 
instrumental in the elaboration of the in- lagenous bundles. T]ie large oval nucleus 
Ictcellular fibers. The fibrohlasU arc long, has a very delicate, sometimes slightly 
fiat elements which in profile appear as folded, outline and contains dustlike chro- 
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aniline tluc in Mallory’s jnixlure, stain the bun- 
dles sharply, especially after mordants. Collagen 
may present physical and chemical differences in 
various pacts of the body and in different species 
of animals. 

Using X’lay diffraction methods^ Astbury 
(19l0> and others find the collagenous fibers to 
I be composed of paraiiel bundles of long ebains of 
polypeptides. 



Fig. 47 Loose subcutaneous connective tissue 
from the dorsal surface of a human finger, the 
connecuve tissue fibiiJs are sliown an a lamellated 
ground membrane. 400 X- After Laguesse. 

Efasife Fibers, hr the loi>se connective 
tissue, elastic fibers are scarce, Tliey are 
very long and run in various directions; 
they appear as bnUiant, highly refractive 
cylindrical threads or flat ribbons, much 
thinner than the collagenous fibers. In 
contrast to the latter, the clastic fibers are 
not fibrillar, but are usually homogeneous, 
although the larger fiber.s may slam more 
deeply at their periphery; they branch 
and anastomose freely and form a very 
loose network (Fig, 48). If the tissue is 


fixed in its natural position the clastic 
fibers are straight, tvhile in teased prep- 
arations they often appear wavy or spiral. 
They ore highly elastic; that is, they yield 
casUy to stretching but when released at 
once rcassume their former length. When 
assembled in large numbers they have a 
yellowish color on macroscopic e-xaminfl- 
tion. 

Tlie characlcrlsifc constituent of ibe elastic 
fiber, tlastin, is also an albuminoid and may varj* 
aligbtly in its qualities aceotding to its origin. It 
is bjgblf resistant to boiling water, acids, and al- 
kalis, and through the action of alkalis it can be 
isolated from the other constituents of the tissue. 
Oastin is slowly digested by both pepsin and 
trypsin. Unlike the collagenous fibers, elastic 
fibers can be etained fairly elccttvcly (orcein or 
resorcin fuchsin). r-Hay diffraction studies have 
yielded inconclusive evidence as to whether elas- 
tin should be included in the group of collagen 
fibers. 

The /tmorphous Ground S«b« 
stance. Most investigators belie>*e that 
ihc collagenous and clastic fibers are em> 
bedded in a jelly'Uke, amorphous sub- 
stance which is related to the cement sub- 
stance keeping the fibrils together in the 
fibers. In some places, as in the palp of 
the tooth, it may form a continuous mass. 
However, it is believed to be arranged 
usually in thin layers, between which re- 
main cleftHke spaces with a minute 
amount of tissue liquid (Fig. 47). Hyal- 
uramdase (spreading factor) liquefies 
the amorphous substance. 

it is very difficult to demonstrate the 
amorphous substance. In most fresh prep- 
arations nothing is seen between the fiber 
and cells. It is only after a sheet of loose 
connective tissue is dried on a slide and 
heavily stained that a thin, pale film be- 
t'vcen the fibers, can be noticed. As it 
stains metaehromatically with certain dyes 
(as toluidine blue) it may be one of the 
complex esters of sulfuric acid which 
stain in the same way. 

The Cellular Elcmente. The loose 
connwjtive tissue contains the following 



the connective 

cell types: fibroblasts, undifierentialed 
cells, macrophages, lymphoid trandermg 
cells, mast cells, eosinophils, plasma cells, 
pigment cells, and fat cells. 

Fibroblasu (Fibracytes, Dcsmo- 
These are the common connective 
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slender spindles. Their elongated or star- 
shaped body sends out several spear- 
shaped processes which end with one or 
several points. These cell bodies are easily 
demonstrable with iron hematoxylin but 
are hard to see in hematoxylin and eosin 



_ . , , ^Ipmalous. Euliculaiieous loose connective tissue from the thigh 

Fig. 48 . Section through shpliUy eaemaious. v (A AM) 

^ of a man. Iron-liematoxylm stain. 9o0 X- tA.A M.) 


tissue cells and are called fibroblasts be- 
cause they arc generally believed to be 
instrumental in the elaboration of the in- 
tercellular fibers. The fibroblasts are long, 
flat elements i\hich in profile appear as 


preparations (Fig. 481* The cells are 
usually adjacent to the surface of the col- 
jafvenous bundles. The large oval nucleus 
has a verv delicate, sometimes slightly 
folded, outline and contains duslHke ebro- 
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anUine blue in Mallory's mixture, slain tlie bun- 
dies sliarpl), especially after mordants. Collagen 
may present pliysical and clietnicBl differences itt 
\arious parts of tbe body and in different epecics 
of animals. 

Usmp j-ray diffraction tnctliods, AstWry 
(1940) and others find the collagenous fibers to 
be composed of parallel bundles of long chains of 
polypeptides. 



Fig. 47. Loose subcutaneous connective tissue 
from the dorsal surface of a human finger; the 
connective tissue fibrils are sliown In a lamellated 
ground membrane, 100 X* After Laguesse. 

Elastic Fibers. In iVie loose connective 
tissue, elastic fibers are scarce They arc 
very long and run in various directions; 
they appear as brjlliant, highly refractive 
cylindrical threads or flat nbboits, much 
thinner lhari the collagenous fibers. In 
contrast to the latter, the elastic fibers are 
not fibrillar, but are usually homogeneous, 
although the larger fibers may stain more 
deeply at their periphery; they branch 
and anastomose freely and form a very- 
loose network (Fig. 48). H the tissue is 


fsxed in its natural position the elastic 
fibers are straiglil, while in teased prep- 
arations they often appear wavy or spiral, 
’niey are highly elastic; that is, they yield 
easily to slrelching but when released at 
once reassumc their former length. When 
asscinbicd in large numbers they liave a 
yellou4sh color on macroscopic examina- 
tion. 

Tlie characieristlc constituent of the clastic 
fiber, elasiin, is also an albuminoid and may vary 
altghtly in its (^uaUcies (tccordln^ to its origin. It 
» highly resistant to boiling -water, acids, and al- 
kalis, and ihrougli the action of alkalis U can be 
isalated from the other constituents of the (issue. 
Elastfn is stowfy digested by both pepsin and 
trypsin. Unlike the collagenous fibers, elastic 
fibers can be stained fairly elecihely (orcein or 
resorcin fuchsin). x-Ra} diffraction studies hare 
yielded inconclusive evitletice &s to whether elas- 
tin should be included In the group of collagen 
fillers. 

The /imorphous Cround 
afflnee. Most investigators believe that 
the collagenous and elastic fibers ore em* 
bedded in a jelly-like, amorphous sub- 
stance which is related to the cement suh- 
stance keeping the fibrils together in the 
fibers. In some places, as in the pulp o! 
the tootfi, it may form a continuous mass. 
Howeter, it is believed to be arranged 
usually in thin layers, between which re- 
main clefllike spaces with a minute 
amount of (issue liquid (Fig. 47). ffyal’ 
uronidtue (spreading factor) liquefies 
the amorphous substance. 

U is very difficult to demonstrate the 
amorphous substance. In most fresh prep- 
arations nothing is seen between the fiber 
and cells. It is only after a sheer of loose 
connective tissue is dried on a slide and 
heavily stained that a thin, pale film be- 
tween the fibers, can be noticed. As u 
stains metachromatically with certain dye? 
{as toluidine blue) it may be one of the 
complex esters of sulfuric acid wliich 
stain in the same >vay. 

The Cellular Elements, The loose 
connective tissue contains the following 
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The majority opinion holds that fibro- 
blasts are highly differentiated cells which 
do not give rise to other types of free cells 
of the connective substance. There is good 
evidence that they can develop into ostco- 
cytes and some indication that they be- 
come phagocytic on intense stimulation. 
The relation of fibroblasts to mesen- 
chymal and reticular cells has not been 
determined. (See p. 114.) 

Some claim that all the fibroblasts in the tissue 
are connected with one another through a syn- 
cjtial fusion of their processes It is more prob- 
able, however, that i{ a connection exists it has 
merely the nature of a contact. Certainly each 
fibroblast is an independent cellular element. In 
inflamed tissue and in tissue cultures it moves 
independently with a peculiar glidina which dots 
not affect the outer form of the cell body. Ameboid 
pseudopodia are never observed, 

VmUfferentiatcd (Htcsenchymal) 
Celb. Many investigators believe with 
Marchand that some cells persist in the 
adult organism with the potencies of un- 
differentiated mesenchymal cells (Fig. 
54). They are often smaller than the 
fibroblasts but bave ibe same, general ap- 
pearance; in the loose connective tissue 
lltey are usually arranged along the. Wood 
vesvels, particularly along the capillaries 
(see p. 231). The conviction that they 
are not common fibroblasts but are un- 
differentiated cells is gathered from 
numerous observations which show that 
under the influence of certain stimuli — as 
in tissue cultures, inflammation, and the 
effects of injection of blood toxins — they 
may undergo progressive development 
and furnish new cell types. They probably 
have much the same properties as the 
primitive reticular cells of thd blood- 
forming tissues. 

bympJioid TTnndcring CcUa. These 
cells present marked variations in size 
and shaj>e (Fig. 48), and arc so irregu- 
larly distributed that large stretches of 
loose connective tissue may be devoid of 
them. The smallest have a round, darkly 


staining, very large nucleus and a very 
scanty, basophil cytoplasm which con- 
tains few or no inclusions after supravital 
staining with neutral red. Such cells re- 
semble the lymphocytes of the blood in 
every respect. 

Many of these wandering cells appear 
to be monocytes and, among other prop- 
erties, display a neutral red rosette. The 
largest cells, which normally are rare, 
may be 12 y. or more in diameter and have 
an eccentric, kidney-shaped nucleus and a 
highly ameboid cytoplasm containing var- 
ious inclusions when stained supravitally 
with neutral red. Such elements are struc- 
turally identica'l with the small macro- 
phages (polyblasts) of inflammation (p. 
Ill), A continuous series of gradual 
transitions can be found bel^veen all of 
these cell types. 

The $Tnaller lymphoid cells are identical with 
the nongranular leukocytes of the blood. This 
does not mean that they have ail emigrated from 
the >es$ei4 in the adult organism. The cell lineage 
of many of them originated in the embryonic 
inesendiyme and stayed there. On the other hand, 
these cells con always enter the circulation. There 
is no reason for distinguishing hematogenous and 
liistogenous cells among them; they all have the 
same potencies. 

Fixed Ulncropltages (’Hi*sliocy/P5_). 
In the loose connective tissue the number 
of fixed macrophages varies according to 
the region of the body, the animal species, 
and so forth. On the overage they seem to 
be almost as numerous as the fibroblasts, 
which they outnumber in the richly vascu- 
lar areas. They are scattered singly among 
the fibroblasts or are assembled in small 
groups. In inflammation these fixed macro- 
phages become actively ameboid free 
macrophages (p, 98). 

In outer form the fixed macrophages 
vary from flat, rounded or oval cells to 
elongated, spindle-shaped elements which 
sometimes possess branched processes. 
Ameboid movements are never seen under 
physiologic conditions. The nucleus is 
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matin particles and one or more large 
nucleoli. Near the nucleus are a diplo* 
some and a Golgi net. The mitochondria 
appear as slender rods which are scarce 


The cytoplasm of the resting fibroblast 
rarely contains inclusions except occa* 
sionai, small, fat droplets and usually re* 
mains colorless when neutral red is ap* 



Macrophatjci 



Fig. 49. The two figures are from the loose connective tissue of the rat. Above- Fixed and stained with 
hemotoxylin-eosin-azure 600 X. Below: Stained sttpra>itatl> with neutral red. 800 X- (Au\.M.) 

in the processes, but are more numerous pUed supravitally (Fig. 49). In active 
near the nucleus and around the cytocen- condition (inflammation and tissue cul- 
trum. Tonofibrils (also called fibroglia turcs) it contains a number of small neu- 
fibers) run along the surface of the cell, tra! red vacuoles. 
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The homogeneous cytoplasm 5s strongly baso- 
phil and forms a broad layer in the cell body. 
Tlve middle of the cell is occupied by a round, 
pale area adjacent to the nucleus; this area is the 
cytocentrum with its diplosome (Fig, 39, B), 
Scattered around the cytocenlrum are roilochon- 
dna and a varying number of vacuoles, which 
stain supravilally with neutral red. These occupy 
the site of the Golgi net in fixed preparations. 

In most of tlie foci of plasma cells, all trand- 
tions from small lymphocytes to fully developed 
plasma cells can be found, and the process of 
change has been followed in tissue cultures. The 
transformation of large lymphocytes (bemocyto- 
blasts) into plasma cells has also been observed. 

The plasma cells seem unable to change into 
any other cell type (except possibly into inflam- 
matory macrophages) ; they are specifically dif- 
ferentiated elements which finally degenerate. 
During degeneration, large spherical drops or 
crystals of a peculiar, acidophil substance ire- 
quently accumulate in the cell body. Wlien the 
cytoplasm disintegrates these Inclusions are set 
free and remain between the other elements of 
the tissue as Russtira bodies. 

Eosinop/iil Cells. In man, these cells are 
occasionally found la the interstitial tissue of 
some glands, particularly the mammary gland, 
and of the lung, and in the omentum. Under cer. 
tain pathologic conditions they may accumulate 
in the connective tissue in large numbers. They 
are numerous in the loose connective tissue of 
the rat, mouse, and guinea pig (Fig. 49) . 

Although many investigators believe lliat cells 
with eosinophil granules may develop from the 
local elements of the connective tissue (local 
eosinophilia), this theory is not sustained by 
facts. Excluding the connective tissue of the intes- 
tinal mu« o?a where special r ondilions prevail, the 
eosinopiiil cells of the connective tissue are eosino- 
phil leuhocytes which have migrated from the 
blood vessels and have settled in the tissue. 

The nucleus in these cells always has the typi- 
cal, polymorphous character of the mature eosino- 
phil leukocyte of the respective species, Tims, in 
the rat or mouse it is a thick ring. Round, compact 
nuclei, as well as mitoses, which arc typical for 
the young forms (myelocytes) of the eosinophil 
leukocytes, do not occur in the connective tissue. 

figment CclU. In the loose connective tissue 
of the mammals, pigment cells are very rare; they 
occur more frequently in the dense connective 
tissue of the skin. Tliey are small, elongated 
cells with short irregular outgrowths; the cyto- 
plasm contains small granules of melanin. The 
pigmented cells in the superficial layers of the 


derma arc believed by many to be merely con- 
nective tissue phagocytes which receive their pig- 
ment from the epithelium; they may be called 
dennalj:hromatophores. Pigment cells containing 
melanin which they themselves have elaborated 
occur in the derma in the sacral region of the 
newborn of the Mongolian race. These cells had 
best be called dermal melanoblasts, to distinguish 
them from the epidermal melanoblasts. (See sec- 
tion on the skin.) Melanoblasts are found in most 
mammals in the pia mater of the ventral surface 
df the medulla oblongata. A large number of 
melanoblasts is assembled in the pigment tissue 
of the chorioid of the eye, where they ate flat- 
tened and have broad, lobated processes (Chap- 
ter XXX). 

TIic pigment granules in the melanophores in 
hypophysectomized frogs retract about the nu- 



Fig. SO. Fresh preparation of a human fat 
lohute, showing fat cells and smaller, extracellu- 
lar fat drops (more highly refractile). 160 X. 
After SchalTer. 

cicus. After the injection of extracts of the par? 
intermedia of the hypophysis and exposure of 
the frogs to sunlight, the pigment granules extend 
rapidly throughout tlie processes of these cells. 

The pigment cells arise early in ontogenetic 
deielopment from neural crest cells in amphib- 
ians (DuSliane) and birds. Their origin in mam- 
mals is not clear. 

Fat Cells. Small droplets of neutral fat 
may occur in any cell of the connective 
tissue. There are, however, cells with a 
special fat-storing function; only these 
should be termed “fat cells.” They are 
often found scattered singly or in groups 
in the loose connective tissue, especially 
along the blood vessels. When they accu- 
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smaller than that oi the fibroblast, has a 
heavy, slightly folded membrane, and is 
irregular, oval or kidney-shaped in form. 
It contains no large nucleoli; the chroma- 
tin particles are coarser and stain darker 
than in the fibroblasts. The cytoplasm 
has distinct, ragged outlines and stains 
darkly (Fig. 4S). Near the nucleus there 
is a distinct diplosome and a Golgi net; 
the mitochondria are short rods or gran- 
ules and are assembled mainly around the 
cytocentrum. The cytoplasm usually con- 
tains a nombex of small vacuoles \shiclr 
slain supravitally iviih neutral red (Fig. 
49). These cells are able to ingest many 
types of particulate matter— see p. 97. 

A characteristic property of the fixed 
macrophages is their elective storing of 
certain electronegative, acid aniline dyes 
in colloidal solution, such as trypan blue 
and lithium carmine. After injection of a 
solution of one of these dyes into the liv- 
ing animal, the fixed macrophages accu- 
mulate granules of the dyestuff in their 
cytoplasm (Fig. 8, 5). If repeated injec- 
tions are made, the dye inclusions become 
•very numerous and large, and the tissue 
develops a distinct, macroscopic color. As 
the fibroblasts store little or none of the 
dye, this method allows a precise identifi- 
cation of these macrophages. 

The degree of the dye storage depends largely 
upon the degree of the dispersion and amount of 
the solution used and upon the mode of introduc* 
tion into the body. Tlie most intense storage is 
obtained -where the concentrated dye solution has 
immediate access to the cells, as in a subcutane- 
ous injection The vital storage of acid dyes has 
been looked upon as a phagocytosis of ultramicro- 
scopic particles. 

In the loose connective tissue of the mammals, 
transitional forms between the fixed macrophages 
and the fibroblasts are very rare under physiologiO 
conditions, as are transitions between the lym- 
phoid wandering cells and the macrophages. But 
mflamed tU&ue the sliarp limits between the 
cells are effaced in certain stages (p. 111). The 
distinction betiveen these different tell types may 
also be difficult in the lower vertebrates. 

The fixed macrophages of the loose connective 


tissue have also been called clasmalocytes, rhagio- 
crine edit, adienlUial edit, histiocytes, resting 
Kondering cells, and many other names. 

M(t$l Celts. Mast cells have been 
found, often in groups about the blood 
vessels, in the connective tissue of most 
vertebrates. Tbeir cytoplasm is filled with 
granules which slain metacbromatically 
with basic aniline dyes; with methylene 
blue or (hionin the granules have a purple 
color. Neutral red stains them supravitally 
a dark, brick red (Fig. 49). Tlie granules 
in some species are soluble in water. 

In the rat and mouse, the mast cells are 
very large and spherical or polyhedral; 
in other mammals, including man, they 
are smaller, irregularly oval or flattened 
cells. Very slow amebism can be observed 
occasionally. The . spherical, relatively 
small nucleus is quite inconspicuous. In 
the neighborhood of the nucleus is a 
diplosome. 

In mammals the mast cells of the con- 
nective tissue and the basophil leukocytes 
of the blood are independent cell types 
despite the similar properties of the gran- 
ules. The function of the mast cells is not 
known, although Holmgren, forpes and 
Wilandcr believe their granules consist of 
heparin. They base this conclusion on 
similarity of staining reactions and on ex- 
periments which show a parallelism be- 
tween the extractible heparin and the mast 
cell content of certain organs. 

Plasma Cells. In the common connective tis- 
sues, plasma cells are extremely rare, although 
they occur quite frequently in the serous mem- 
branes and in the lymphatic tissue. They may be 
only as large as a small lymphocyte, or may be 
two or three times that size. Tlieir form is spheri- 
cal and often flattened. In the living cell tlie 
spherical or polygonal body has a glassy, homo- 
geneous appearance. Very slow movements can 
soDielimes be observed. 

The nucleus Is small, round or slightly oval, 
and has an eccentric position. In its interior and 
at the membrane, coarse, darkly staining, regu- 
larly distributed chromatin particles are seen. 
Mitoses are exceedingly rare. 



THE CONNECTIVE TISSUE PROPER 


65 


cultures of adult loose connective tissue, the new 
formation of fat cells from the fibroblasl-like cells 
has been observed very often In ear chambers in 
living rabbits, the development of fat ceils from 
fibroblast-like cells lias been observed. 

The fibroblastic nature of the cells vvhieh ate 
transformed into fat cells has not been prov-iecl 
conclusively. It is possible that when new fat cells 
develop in tbe adult they arise from the undif* 
ferentiated mesenchymal cells This would agree 
vulh’the fact that nevv fat cells — as m the embryo 
— always appear along the small blood vessels, 
which are accompanied by cells of ondiffet- 
entiaied mesenchymal nature. 

The first step in the formation of a fat cell is 


culiar, sharply outlined, spherical or oval ele- 
ments (Fig. 52). This has been confirmed by 
studies on living cells in chambers in the rabbit’s 
ear (dark and Clark). 

The fat enters and leaves the cell in the invis- 
ible form of its soluble components. The idea that 
very small droplets of fat (iiemoconia) may pene- 
trate the membrane and fuse with the large fat 
drop has not been confirmed. 

The Functions of the Loose Con- 
nectivc Tissue. The loose connective tis- 
sue is the medium supporting and sur- 
rounding the elements of the other tissues. 


Capillary Mesothelial cell nucleus 



Erythrocyte 

Fibroblast 


Fig. 52. Portion of the omentum of a starving rabbit. The fat cells have lost most of their fat and 
appear with much cytoplasm. STS X. tA./\.M.) 


the appearance of a few small droplets of (at in 
the cytoplasm (Fig. 51). The--e increase m sire 
and gradually fuse. Simultaneously, tbe cell body 
swells, ihe processes are wijhdrawn, and the cell 
becomes spherical As the fat drop increases m 
sire, the cytoplasmic layer is reduced to a thin 
membrane while the nucleus is compressed and 
flattened Mitoses are not found in fat cells. 
When the fat cell lo*es its fat, the same senes of 
transitional forms can be observed in the reverse 
sequence. When the fat droplets become very 
small, the cytoplasm sends out tapering processes 
and gradually the cell regains the appearance of 
a fibroblast. The question of tbe exact nature of 
tbe cells into vvlitch the fat cells arc transformed 
when they lo-e tlieir fat is unskilled. Tlicy bv no 
means siwavs rp»emble true fibroblasts, but may 
remain, as in serous atrophy, in the ti*sue as pe- 


ll serves as packing material and fills out 
the spaces between the organs, and its 
(lexihle collagenous fibers allow a more or 
less distinct movement of the connected 
parts in relation to one another. This is 
Us mechanicai {unction. 

In addition, this tissue plays an impor- 
tant role in the nutrition of the elements 
of other tissues which are embedded in it. 
The part each cell type takes in this func- 
tion is unknown. But it is clear that all 
substances which the cells of the other tis- 
sues receive from the blood, and all the 
products of metabolism and water which 
they turn over to the blood and lymph 
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lYiuJale m large numbers and crowd out 
the other cells tlie tissue is transformed 
into fat or adipose tissue (p. 75). 

A living fat cell is a large, brillianl, 
spherical body (Fig- 50) . The nucleus can 
be seen only if it occupies a lateral posi- 
tion. H the cell is damaged, liquid neu- 
tral fat runs out in drops, although in 


hcai’ily staining, central mass of chroma- 
tin. 

In the brown fat tissue (interscapular 
gland! the cells, as a rule, contain not one 
large but several small fat droplets which 
arc separated by a relatively abundant 
cytoplasm (Fig. 6^1). After the fat is dis- 
solved such cells have a coarse, alveolar 



Mast celt Eostnophtl leukocyte 

Fig. 51. Several fat cells from the ^tibcoiancous, loose connectjvc tissue of a rat. The fat has heen 
stained black bv the o-mic acjd of the fiicanon fluid. About 1000 X. (eVA.M.) 


many warm-blooded animab the fat Ive- 
comes solid after roolnig Every mature 
fat cell contains ouU one large drop of 
neutral fat. tvhirh can be stained black 
wilh osmic aetd tFis “l ' or orange with 
Sudan III. The cc' '>-m is redured to 
a thin membrane <.iiich surround^ the 
drop; it ts thickcneil in that part which 
contains the flattened nut lens with Us 


structure. Similar conditions are often ob- 
served in the fat cells of the lower verte- 
brates 

New fdt cells may develop at any lime in the 
connertive ti-.-iiP pf the adult organism and fully 
vh-sclojicd f.u veilt. may ipse their fat vfhen the 
"rgan««in doei not receive sufficient BUirithe ma- 
terial }| i> generally believed that any fibroblast 
may become transformed mio a fat cell. In tissue 
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culture? of adult loo«c connccthc ti'«uc. thr new 
formation of fat cells from the fil»robla«t-liLe cell? 
has Lceti ob«er\etl \er>’ often. In ear cl)amlier<. In 
living rabhits the development of fat cclU (rom 
fibrolda^ldihe cell* iias been oh«cnr«l. 

The fihrofifa«lic nature of the ceff? which are 
tran«formcd into fat cell? has not hcen proved 
conclu»ive!>. It is po«?ihIc that when nevv fat celt' 
develop in the adult they arise from the undif* 
ferentiated mcscnch)mal cell*. Thi* v\onld agree 
with the fact that new fat cell?— as In the embryo 
—always appear along llic small lilowl ve»*-el®, 
which are accompanied hy cclU of undifler- 
entiated nie*cnchv mal nature. 

The hfst step in the formation of a fat cell 1? 


65 

cutiar. sharply outlined, spherical or oval ele- 
ment? (Fig. ^2t, Tins has been confirmed by 
Studies on living cells in chambers in the rahbit’s 
ear iClark and Clarkt. 

The (.\t enters and leaves the cell in the invis- 
ifde form of its soluble components. The idea that 
verv simll droplets of fat (hemoconia) may pene- 
trate the mimbrattp and fu«e witli the large fat 
drop has n»it hern confirmed. 

The Fmiclions of llic Loose Con* 
itcelise Tissue. The loose connective tis- 
sue is the medium supjvorling and sur- 
rounding the elements of the other tissues. 


Capillary Iffsothcha/ cell nucleus 



Fig. 52. Portion of the omentum of a flarving rabbit. The fat cells have lost most of their fat and 
appear with much cytoplasm 375 X. (A A.M I 


the appearance of a few small droplets of fat in 
the cytoplasm (Fig SI), Thc'e increase m site 
and gradually fuse. Simultaneously, the cell body 
swells, the procc««es are withdrawn, and the cell 
becomes spherical. As the fat drop Increases in 
the cytoplasmic layer is reduced to a thin 
membrane while the nucleus is compressed and 
^ttened Mitoses are not found in fat cells, 
•'hen the fat cell loses its fat, the same scries of 
transitional forms can be observed in the reverse 
®r^vience. '^’hen the fat ilroplets become very 
small, ihe cytoplasm “ends out tapering processes 
and gradually the cell regains the appearance of 
^J’bfoblast. The question of the evact nature of 
* <ells into which the fat cells are transformed 
'''hen they lose their fat is unsettled. They by no 
means always resemble true fibroblasts, but may 
mmain, as in serous atrophy, in the tissue as pe- 


ll serves as packing material and fills out 
the spaces behv’een ihe organs, and its 
flexible collagenous fibers allow a more or 
less dislinct movement of the connected 
parts in relation to one another. This is 
its mechanical function. 

In addition, this tissue plays an impor- 
tant role in the nutrition of the elements 
of other tissues which are embedded in it. 
The part each cell type takes in this func- 
tion is unknown. But it is clear that all 
substances which the cells of the other tis- 
sues receiv'e from the blood, and all the 
products of metabolism and water which 
they turn over to the blood and lymph 
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mulate in large numbers anti crowd out 
the other cells the tissue is transformed 
into fat or adipose tissue (p. 75), 

A living fat cell is a large, brilliant, 
spherical body (Fig- 50) . The nucleus can 
be seen only if it occupies a lateral posi- 
tion. If the cell is damaged, liquid neu- 
tral fat runs out in drops, although in 


heavily staining, central mass of chroma- 
tin. 

In the brown fat tissue (interscapular 
gland) ibc cells, as a rule, contain not one 
large but several small fat droplets which 
arc separated by a relatively abundant 
cytoplasm (Fig. C4), After the fat is dis- 
soUed suclt cells have a coarse, alveolar 


Deuehphg fat cells 



Mast cell Eosinophil leukocyte 

Fig. 51. Several fjt cells Jrom iJie subcutaneous. loose connective tissue ol a rat. Tlie fat has been 
stained black b> the o'.mic acid of tJie fixation fluid. About 1000 X- (A.A.M.) 


many warm-blooded animals the fat be- 
comes solid after cuoVmg. Every mature 
fat cell contains only one large drop of 
neutral fat, which can be stained black 
w’ith osmic acid (Fig. 51 ) or orange widi 
Sudan III. The cytoplasm is reduced to 
a thin membrane which surrounds the 
drop; it is thickened in that part which 
contains the flattened nucleus with its 


structure. Similar conditions are often ob- 
served in the fat cells of the lower verte- 
brates. 

New fat cells may develop at any time in tJie 
conoeclhe tissue of the adult organism and fully 
developed fat cells may lose their fat when the 
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eilies make up tkc so-caUcd “constitu- 
tion” and are probably intimately con- 
nected uith the properties of the diffuse 
connective tissue. The altered conditions 
of the allergic or hypersensitive organism 
(an organism uhicb under the influence 
of a given stimulus has changed its reac- 


tbsue. On the other hand, if a graft of a car- 
cinoma ‘‘lakes’* and grows, the connective tissue 
furnishes the nutrilne stroma for the malignant 
epithelial cells and both tissues are combined 
into a new unit. 

The Tissue of tlie Serous Mem- 
lirmics. The serous membranes (the 


Small 

Mesothelial Mast lympho- 
Small lymphocyte cell nucleus cell cyte Capillary 



Fig. 54. Slretch preparation oi the omentum ol a man. llematoxylin-eosin-aiure stain. 450 X- (A.A.M.) 


tion to this stimulus) are sometimes mani- 
fested by alterations of the loose connec- 
tive tissue. 

The development of a tumor b influenced to a 
high degree by the behavior of the loose connec- 
the tissue. The failure of a tumor to "take** when 
inoculated into an animal is probably the re- 
sult of a successful reaction of the connective 


peritoneum^ the pleura, and the pericar- 
dium) are thin layers of loose connective 
tissue covered on their free surfaces by a 
layer of mesothelium. When the mem- 
branes are folded, as the omentum or the 
mesentery, both of the free surfaces are 
covered with mesothelium. The serous 
cavities always contain a small amount 
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must pass through a layer of conneclii'c 
tissue. It has been claimed that some of 
the cells of this tissue have an endocrine 
function, hut the evidence supporting this 
view Is not convincing. 

Of great importance Is the role the 
loose connective tissue plays as the arena 
of the local reactive process called inflani' 


local reaction which manifests itself In a 
series of complicated phenomena in which 
local elements of the connective tissue as 
well as blood cells participate. The results 
of this local reaction are the destruction, 
digestion, and absorption of the foreign 
noxious substances and the reparation of 
the damage caused by them. 


Fixed macrophage 



Fjg. 53. Stretch preparation of a thin part of the omentum of a rabbit injected with lithium carmine. 
375 X. (A.A.M,) 


mation. Even under physiologic condl* 
tions, endogenous noxious substances may 
appear in various places in the body. 
Some of them have to be neutralized or 
destroyed by the elements of the connec- 
tive tissue; this process has been termed 
“physiologic innanimation.” Exogenous 
stimuli, which cause a pathologic inflam- 
mation, call forth a much more intense 


Generalized noxious stimuli are taken 
care of by the diffuse connective tissue 
and the blood-forming tissues. The main 
role in this case is played by the macro- 
phage. 

The development and issue of local and 
generalized inflammation and infection** 
are markedly influenced by the individual 
peculiarities of the organism. These prop- 
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ertles make up the so-called “conslilu- 
tlon” and are probably intimately con- 
nected with the properties of the diffuse 
connective tissue. The altered conditions 
of the allergic or hypersensitive organism 
(an organism which under the influence 
of a given stimulus has changed its reac- 


tissue. On rhe other liand, if a graft of a car- 
cinoma “takes*' and grows, the connective tissue 
funitsftes the nutntive stroma for the malignant 
epiUteliai ceils and both tissues are combined 
into & new unit. 

TIte Tissue of the Serous Ulcni- 
hrancs. The serous membranes (the 


Sma// 

Mesoifieh'a/ Mast /jrmpAo- 
SftJa}/ ti/mphocyfe cell nucteua celf cyie CapHtary 



Fig. 54. Stretch preparatmn of the omentum of a man. HematoxyRn-eosin-azure stain. 4S0 X- 


tion to this stimulus) are sometimes mani- 
fested by alterations of the loose connec- 
the tissue. 

The development of a tumor is influenced to a 
high degiee by the behavior oi the loose connee- 
tne ti-sue. The failure of a tumor to ‘’take" when 
inoculated into an animal is probaWy the re- 
sult of a successful reaction of the connectne 


peritoneum, the pleura, and the pericar- 
dium) are thin layers of loose connective 
tissue covered on their free surfaces by a 
layer of mesolhelium. When the mem- 
branes are folded, as the omentum or the 
mesentery, both of the free surfaces are 
covered with mesothelium. The serous 
cavities always contain a small amount 
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of serous liquid,' the serous exudate. The 
cells floating in it originate from the ser* 
ous membrane. 

All the elements of the loose connective 
tissue are found in the serous membranes* 
where tjiey are arranged in a thin layer. 
The mesentery contains a loose network 
of collagenous and elastic fibers, scattered 
fibroblasts, fixed macrophages, mast cells, 
and a varying number of fat cells along 
the blood vessels. 

Physiologically the most important, 
and histologically the niost interesting 


collagenous fibers must have been pro- 
duced by the mesothelial cells. 

In those areas of the omentum which 
are not provided with holes, the tissue 
contains the same cell types as the com- 
mon loose connective tissue, but in the 
omentum the cellular elements are much 
more numerous and active. Undiffercnti* 
aled mesench>mal cells are found along 
the vessels. Especially numerous are the 
fixed macrophages ivhich here are highly 
elongated and often branched in form 
(Fig. 54). Many of them are mobilized 



Fig. 55. Phcttomicrograpl] of stretch preparaiion of omentuta of Alacacus rhesus. Hewatoxjlin-cosin- 
azure II. 5S X, 


pari of the serous membranes in mammals 
is the omentum. It is composed, not of 
lymphatic tissue as some recent authors 
hold, but of loose connective tissue. Parts 
of this membrane contain vessels accom- 
panied by fat tissue. Other parts have 
either no vessels or only a very few small 
ones; here the membrane is pierced by 
innumerable holes and is thus reduced to 
a fine lacelifce net (Fig, 53). The threads 
of the net are formed by collagenous bun- 
dles; between them there are usually no 
cells although the threads are covered by 
flat mesothelial cells. In such places the 


into free macrophages, which contain dye 
inclusions in a vitally stained animal. 
There are very many small lymphocytes 
and plasma cells and, occasionally, 
eosinophil leukocytes and mast cells. Tlie 
number of lymphocytes and plasma cells 
varies considerably in differenl animals 

Ihc great individual variations in tbe structure 
of the omentum are explslned iy the role il proi>- 
*Wy plays in the absorption and neufraliration 
of various endogenous noxious products of 
metabolism (“physiologic inflammation"). WJien 
exogenous noxious factors penetrate the pen- 
toneian, this activity of liie omentum h grcdriy 
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intensified, and the number of cells increases still 
more. In such cases helcropitil granular leuko* 
cytes migrate from the vessels into the omentum. 

In certain areas the fixed and free macrophages 
are accumulated in dense masses Such areas ore 
often arranged along the blood vessels as small or 
large, round or oval patches, called milky spots. 
These may or may not contain blood vessels, and 
are sometimes also found in llie netlike part of 
the omentum. They are very characteristic in the 
omentum of the rabbit. 

In the milky spots, the fixed macrophages pro- 
liferate through mitosis, round off, and migrate 


the milky spots of the omentum and migrate into 
the cavity. They correspond with those polyblasts 
of the inflammatory exudate which originate 
through mobilization of the local fixed macro- 
phages (p. 114). 

2. Desquamated mesotbelial cells (Fig. 56, 
Mes). Tliese keep their squamous form or they 
become spherical with smalt, budlike protuber- 
ances. The nucleus usually contains a heavily 
staining nucleolus. In inflammation and tissue 
culture these cells develop into fibroblasts. 

3. Small lymphocytes (Fig. S6, SI). The vast 
majority of these have migrated from the blood 



Fig. 56. Cells from the peritoneal exudate of a rabbit injected intravenously with lithium carmine: 
Mes, Desquamated mesotbelial cell; SI, small lymphocyte; Exp, carmine-storing exudate polyblasts; 
Exp', exudate polyblast with three nuclei; Ere, erythrocyte. Moist fixed smear. Note carmine granules 
(dark gray). Hematoxylin stain. 1000 X- (A,A.M.) 


through the covering layer of mesothelium into 
the peritoneal cavity. In the serous membrane 
wliich lines the pleural cavities there are also cel- 
lular areas much like the milky spots of the 
omentum. 

The Free Cells of the Serous Exudate* 
Normally the amount of serous exudate is very 
small but in pathologic conditions it may in- 
crease enormously. The exudate contains a num- 
ber of freely floating cells. Among them the fol- 
lowing can be distinguished: 

1. Spherical ameboid cells which store vital 
dyes and phagocytose particulate matter (Fig. 56, 
Exp). These are macrophages wliich originate in 


vessels of the omentum. Some few may have de- 
veloped through proliferation of the undiffer- 
entiated mesenchymal cells of the omentum In 
inflammatory exudates, transitions from the lym- 
phocytes to the large macrophages can be found 
in great numbers. 

4. In some animals (guinea pig) eosinophil 
leukocytes of hematogenous origin occur. 

5. In the rat and mouse there are free connec- 
tive tissue mast cells 

6. In pathologic inflammatory exudates there 
are great numbers of heterophil leukocytes from 
the blood. 

The Leplomeninges. The tissue of the pia 
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maier and arachnoid is also a variety of tlie loose 
connective tissue. It is described in tiic section on 
the Nervous Tissue (see p, 223). 

THE 0ENSE CONNECTIVE TISSUE 
This tissue is found rnainiy in the 
derma of the skin and the submucous 
layer of the intestinal and parts of the 
urinary tracts. Its constitution in the 
derma is typical. Tlic elements are the 


gether are small clefts ivhich contain the 
cells; these are much more difficult to 
identify than in the loose tissue where 
llicy can expand in the large spaces. The 
fixed macrophages are easily recognized 
in vitally stained animals. Along the small 
vessels there are always many inconspicu- 
ous nuclei which probably belong to un- 
diffierentiated mesenchymal cells. 


Co/fagenous fibers 



Fig. 57 . Section of the derma of a man; dense, irregularly arranged connecti^e tissue. Orcein and 
hemaJoaylm slams. 500 X. (A.A.Af.) 


same as in the loose variety, but the col* 
lagenous bundles are thicker and ore 
woven into a very compact feltivorJc. Tliey 
are accompanied by many elastic net- 
works. All of the fibers from the derma 
continue directly into those of the looser 
subcutaneous tissue where their arrange- 
ment is correspondingly looser. Belneen 
the two kinds of fibers and the amorphous 
cement substance which keeps them lo- 


THE REGULAR CONNECTIVE TISSUE 
The constituents of the regular connec- 
tive tissue, especially the collagenous bun- 
dles, are arranged according to & definite 
plan. The particular arrangement reflects 
the mechanical requirements of the par- 
ticular tissue, whether a tendon, a fibril- 
lated membrane, or lamellated connective 
tissue. 

Tendons. Here the fibers form a flex- 
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ible tissue which offers great resistance to 
a pulling force. Macroscopically the tis* 
sue has a distinct fibrous structure and 
a characteristic, shining, white appear- 
ance. 

The chief constituents of the tendon 
are thick, closely packed, parallel, col- 
lagenous bundles (Figs. 58, 59) , in struc- 
ture the same as those in the loose con- 
nective tissue. They show a distinct longi- 
tudinal striation and in many places fuse 
with one another at very acute angles. In 
cross section they appear os finely dotted 
areas, usually separated from one an- 
other by broken, angular lines, although 
often continuing into one another. Very 
fine elastic networks have been described 
between the collagenous bundles. 

The fibroblasts are the only cells pres- 
ent; they are arranged in long, parallel 
Tovva in the spaces between the parallel 
collagenous bundles. The cell bodies are 
rectangular, triangular, or trapezoid, 
when seen from their surface, and rod- 
shaped when seen in profile. Their cyto- 
plasm stains darkly with basic dyes and 
contains a clear attraction sphere adja- 
cent to the single, round nucleus. 


here the cytoplasm continues into a very 
thin membrane. Sometimes it can be fol- 
lowed in the transverse direction to an- 



Fig. S8. Freshly leased tendon of the tail of a 
rat, stained with methylene blue. The rows of 
tendon cells run between the collagenous bun- 
dles. 380 X. (A.A.M.) 

other cell row. In a stained cross section 
of a tendon, the cells appear as dark, star- 
shaped figures between the collagenous 



^ Allhougli the limits between the succes- bundles (Fig. 59). A tendon consists ol 
sive cells in a row are distinct, the lateral a varj-ing number o£ small tendon bundles 
limits ol the cells are indistinct because which are bound by loose connective tis- 
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mater and aracimoid h also a variety of tlic loose 
connective tissue. It is described in the section on 
the Nervous Tissue (see p. 223). 

THE DENSE CONNECTIVE TISSUE 

This tissue is found mainly in the 
derma of the skin and the submucous 
layer of the intestinal and parts of the 
urinary tracts. Its constitution in the 
derma is typical. Tlie elements are the 


gether are small clefts which contain the 
cells; these are much more difficult to 
identify than in the loose tissue where 
they can c.\pand in the large spaces. The 
fixed macrophages are easily recognized 
in vitally stained animals. Along the small 
vessels there are always many inconspicu- 
ous nuclei which probably belong to un- 
differentiated mesenchymal cells. 


Collagenous fibers 



Small lymphoegte Vessel 

Fig. 57. Section of the derma of a man: dense, irregularly arranged connective tissue. Orcein and 
hematoxylin stains. 500 x. {A.A.M.) 


same as in the loose variety, but the col- 
lagenous bundles are thicker and are 
woven into a very compact feltwork. Tliey 
are accompanied by many elastic net- 
works. Ail of the fibers from the derma 
continue directly into those of the loose, 
subcutaneous tissue where their arrange- 
ment is correspondingly looser. Between 
the two kinds of fibers and the amorphous 
cement substance which keeps them to- 


TIIE REGULAR CONNECTIVE TISSUE 
The constituents of the regular connec- 
tive tissue, especially the collagenous bun- 
dles, are arranged according to a definite 
plan. The particular arrangement reflects 
the mechanical requirements of the par- 
ticular tissue, whether a tendon, a fibril- 
lated membrane, or lamellated connective 
tissue. 

Tendons. Here die fibers form a flex- 
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macrophages and lymphoid wandering 
cells are also present. The intercellular 
substance is soft, jelly-Uke and homogene* 
ous in fresh condition; when fixed it con- 
tains granules and fibrillar precipitates. 
It gives the reaction for mucin and con- 
tains thin, collagenous fibers which in- 
crease in number %viih the age of the fetus. 

In the trails of large arteries (p. 238) • 
the spaces bettvecn the clastic membranes 
and the cells are filled with a mucoid in- 
tercellular substance, which stains meta* 
chromatically with blue, basic aniline 
dyes. The basophilia of this ground sub- 
stance is believed to be due to the pres- 
ence of chondroilin sulfuric acid. 

The peculiar mucoid connective tissue 
of the comb of the capon increases greatly 
when this animal is injected with mole 
hormone; this reaction lias been exten- 
sively used in the assay of this material. 

Elastic Tissue. Some parts of the body 
have an elastic tissue w’hich yields easily 
to a pulling force but regains Us original 
length as soon as the tension is released. 
Here the elastic fibers predominate and 
the tissue has a yellow' color macroscop- 
ically. It may appear in the form of 
strands of parallel fibers, as in the liga- 
menta flava of the vertebrae, in the true 
vocal cords, in the ligamentum stylohy- 
oideum, the ligamentum suspensorium 
penis, in the tendons of the smooth mus- 
cle of the trachea. In these situations the 
elastic fibers are thick, refringent, and 
round or flattened ; they branch frequently 
and fuse with one another at acute angles, 
as in a stretched fishing net. In cross sec- 
tions, the angular or round areas repre- 
senting the fibers form small groups; the 
spaces between the elastic fibers are filled 
with a delicate felUs'ork of collagenous 
fibers and a few fibroblasts. 

The elastic tissue forms membranes in 
the Avails of holloAv organs upon Avhicli a 
changing pressure acts from within, as 
in the largest arteries, in some parts of 
the heart, in the trachea and bronchu 
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In the large arteries the structural unit 
of the elastic tissue is a fenestrated mem- 
brane, a lamella of elastin of variable 
thickness provided with many irregular 
openings (Fig. 214). The fenestrated 
membranes are arranged in many layers 
around the cavity of the organ and are 
connected with one another by oblique, 
ribbon-like branches- The spaces beUveen 
the lamellae contain a mucoid amorphous 
mass and smooth muscular cells Aviih ir- 
regular outlines. It is impossible to dis- 



Fig. 61. Longitudinal section of a part of the 
ligamentum nuchae of an ox The thick, bright, 
gleaming elastic hbers form most of tlie tissue. 
Between them are dark hbroblast nuclei and Avavy 
collagenous fibers. Eosin-azuie stain. 300 X- 
(A.A.M.) 

tinguish sharply belAveen the fibrous elas- 
tic networks and the fenestrated elastic 
membranes. 

Reticular Tissue; Argyrophil Fi- 
lters. Although the collagenous fibrils are 
generally belie\'ed not to branch, in cer- 
tain places there are systems of nonelastic 
connective tissue fibers Avhich form net- 
works. This fact Avas established first for 
the reticular framework of the lymphatic 
and myeloid tissues and for the red pulp 
of the spleen. Later, similar, but more 



72 


TEXTBOOK OP HISTOLOGY 


sue into larger bundles (Fig. 60). (See 
also Fig. 98) . 

The ligaments are similar to the ten* 
dons, except that the elements are less 
regularly arranged. 

Fibrous Membrauw. The tissues ol this group 
form membranes which surround various organs. 
On examination with the nahed eye they show, 
in the fasciae, aponeuroses, and tendinous cen- 
ter of the diaphragm, a parallel ^hnltalion and 
are wljite and shiny like the tendons. In other 
situations die fibrillation is less regular and tlic 



Fig. Cioas section of a human tendon show- 
ing the separation of the tendon bundles by loose 
connective tissue which stains dark. Heroaloxylin- 
eosin-azure 11 stain. Photomicrograph. About 
120 X. 

tissue is opaque and white — penchondriuoi, 
periosteum, dura mater, sclera, capsules of some 
organs and the tunica albuginea of the testis. In 
the cornea of the eye the tissue js transparent. 

In the fasciae and aponeuroses the colbgcnous 
bundles and fibroblasts are arranged regularly m 
sheets. In each sheet the fibers follow a parallel 
and often slightly wavy course In the different 
sheets the direction may be the same or it may 
vary; the fibers often pass from one sheet into 
another and, therefore, a clear isoiation of the 
sheets is seldom possible. Between tlie collagen- 
ous bundles, fine networks of elastic fibers are 


usual. The cells correspond to the tendon cells 
and adapt themsehes to the spaces between the 
colU^RQus bundles. 

In {be fibrous membranes with somewhat less 
regularly arranged dements (periosteum, sclera, 
etc.), & section perpendicular to the surface 
shows layers of collagenous bundles cut in the 
longitudinal, oblique, or transverse directions, 
and cells which arc irregular, flat, or fusiform. 
In these tissuet there arc always gradual transi- 
tions to places where the elements have a quite 
irregular, dense arrangement There is also no 
sliarp distinction between them and the surround-’ 
ing loose connective tissue. 

Lamclloteil Connective Tissue. The lamel- 
lated connective tissue is found where small or- 
gans ox parts of organs, usually of cylindrical 
shape, need thin and soft but resistant, prolectUe 
sheaths. It may be looked upon as a condensation 
of the loose connective tissue on the surface of 
these cylindrical siructurea. Tlie elements cannot 
I)c sharply separslcd from those of the loose con- 
nective tissue. 

Lamellated connective tissue is found outside 
the basement membrane in the wall of the seminif- 
erous tubules in the testis; in (he perineurium, 
which ensheaths the bundles of nerve fibers in a 
nerve trunk; and in the outer capsule of some 
sensory nerve endings, especially the corpuscles 
of Pacini (Fig. ]B2). 

In a cross section through any of these struc- 
tures, the peripliery io found to be surrounded by 
a number of concentric, sometimes dotted imes 
between which are thin, rod-shaped nuclei. The 
lines are cross sections of thin lamellae, parallel 
or irregularly arranged collagenous fibers in an 
amorphous cement substance. These lamellae also 
contain elastic networks and reticular fibers (p. 
73) , The surface of the lamellae is covered with 
a layer of flattened, endothelium-like fibroblasts, 
whose outlines can be made distinct by the use 
of Sliver nitrate. Fixed macrophages are also 
present, 

CONNECTIVE TISSUE WITH SPEOAL 
PHOPEHTIES 

Mucous Connective Tissue, This 
tissue is found in many parts of the em- 
bryo, as under the skin, and is a form 
of Utc loose connective tissue. The classi- 
cal object for its study is fT/uirton’s jelly 
of the umbilical cord of the human fetus. 
The cells are large, stellate fibroblasts 
vrhose processes often seem to fuse with 
th(»e of neighboring cells. A few fixed 
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collagenous tissue is formctl in the emhoo or in 
the adult body ore argjropliil networks; these are 
gradually transformed into collagenous bundles. 
The Idea of the immature nature of the reticular 
fibers agrees well with the fact that they ate 
usually found in those places in the connecthc 
tissue where undifferentiated cells of mesen* 
ch)mal nature are assembled (l>mphatic and 
myeloid tissues and outside the walls of the capil- 
faries). 

Adipose Tissue. According to most 
authors fat tissue is loose connective tis- 
sue in which fat cells have displaced most 
of tAe other elements. Tht/s, no sharp limit 
can be drawn between the two tissues. The 
fat cells are closely packed and form a 
continuous mass. In the narrow spaces 
between them, compressed fibroblasts, 
numerous lymphoid cells, and mast cells 
are scattered. Collagenous fibers and 
elastic networks run in all directions be- 
tween the fat cells. The argyrophil fibers 
are well developed, especially ahng the 
blood vessels, and form a netlike basket 
around each fat cell. Wassermann (1926) 
holds that the adipose tissue forms specific 
organs and that the fat cells are modified 
reticular cells. 

The fat tissue alw'ays contains a richly 
developed network of blood capillaries. 
Because of the close relation which ex- 
ists in the fetus between the developing 
fat tissue and the blood vessels, the fully 
developed fat tissue usually is more or less 
distinctly divided into lobules of varying 
size and shape, separated by partitions of 
hbrous connective tissue. 

The most important function of the fat 
tissue is the storing of neutral fat. Also, 
because it consists of a multitude of 
closely packed liquid fat drops, each sur- 
rounded by an elastic membrane, the fat 
tissue forms soft and elastic pads between 
the various organs of the body. 

The brotvn fat tissue must be distin- 
guished from the common or white fat 
tissue. In rats and other rodents it is 
highly developed and forms yellowish, lo- 
bated masses in certain parts of the body — 


between the scapulae, on the neck, in the 
mediastinum, in the inguinal region, etc. 
Macroscopically it suggests a gland and so 
was called interscapular or hibernating 
gland. Tlie latter name was given because 
this tissue was believed by some to play a 
peculiar role during hibernation. 

The brov\Ti fat contains a pigment 
which gives the tissue its color.’ The fat 
cells are assembled in groups separated 
by thin networks of collagenous or reticu- 
lar fibers and numerous capillaries (Fig. 



Fig. 63. Portion of a lobule of fat tissue from 
the subcutaneous tissue of man. The fat has been 
dissofted in preparing the section. About 200 X. 
(A A.jM.) 

64). nie microscopic structure suggests 
an endocrine gland. While the common 
fat tissue loses or accumulates neutral fat 
with clianges in the nutritional condition 
of the animal, these factors do not seem 
to affect the brown fat tissue. 

In adult man and other mammals the 
two kinds of fat tissue cannot be distin- 
guished clearly. The morphologic inter- 
relationships between the two and the 
function of the brown fat tissue require 
further study. 

Pigincnl Tissue. In the tunica suprachorioidea 
and in the lamina fusca oi the sderae of the eye, 
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delicate, ^brillar networks were found in bundles of finer ones. TTiey form networks 
the interstitial tissue of many glands, which surround and support the various 
They were called reticular or lattice fibers, elements located in their meshes, as the 
The methods generally used for the dem* hepatic cells, the uriniferous tubules in 
onslralion of collagenous fibers do not the kidney, etc. 

slain them distinctly; in addition, they In the blood-forming tissues the fibers 
are too thin to be seen easily among the of the reticulum are intimately connected 
other elements of the tissue. They are with the primitive reticular cells and fixed 
electively impregnated with silver by macrophages, as they seem to be in the 
modified Bielschowsky methods after wall of the sinuses of the liver. In many 
nhich they appear as black, sharply draum other places in the body llie fibrous relicu- 
nets on a yellow or brown background lum is especially prominent in the neigh- 

fcfffe of lymphatic nodule 


/?eU'cu/of/76er3 


Small lymphocyte 
Sinue 


Connection of reticular and coUagenoua fibers 

Fig. 62. A portion of the cortex with the capsule of human mesenteric I}mph node. Bielschowshy stain 
500 X. <A.^\.M.) 

(Fig. 62). This gave them the name of borhood of blood vessels and is connected 
argyrophil fibers. Microdisseclion studies with the undifferentiated cells. Often, 
have shown them to be inelastic. Iioivevcr, large stretches of reticular fibers 

The reticular fibers differ chemically seem to lack cells of any type. (See Chap, 
somewhat from the collagenous fibers, V.) 

They resist digestion by trypsin in an It seems doubtful that the reticular 
alkaline medium as do the collagenous fibers are really a special type of con- 
fibers, but do not swell on the addition of nective tissue; frequently they continue 
dilute organic acids. There arc marked directly into common collagenous fibers 
[ differences beween the A'-ray spectro- (Fig. 62). 

l graphs of the two kinds of fibers. ^ Some claim that iheareyrophil fibers are imma 

The fibers run irregularly in all direo tuie collagenous fibers and call them “precol- 
tions; the thicker ones seem to consist of Jagenous” fibers. TJie first fibers to appear when 




Chapter V 


BLOOD-FORMING AND DESTROYING TISSUES 


The short-lived blood corpuscles arc 
kept at a constant number in the blood by 
the continuous formation of new cells. 
Under normal conditions, blood cells arc 
regenerated only within the lymphatic 
and the myeloid tissues and organs {hem- 
opoietic organs and tissues). The process 
of their formation is called hemopoiesis. 

The cells of the circulating blood may 
be divided into two groups according to 
their origin. To the first group belong the 
lymphocytes (and probably the mono* 
cytes), which originate in the lymphatic 
tissue and are called lymphoid elements. 
The second group consists of the erylhro* 
cytes and the granular leukocytes; these 
originate in the myeloid tissue and are the 
myeloid elements. But this separation of 
myeloid and lymphatic tissue is not abso- 
lute; for, in certain abnormal conditions 
in postnatal mammals, it is effaced and, 
in the early embryonic stages of the mam* 
mals as well as through life in most of the 
lower vertebrates, no such separation 
exists. 

All of the blood cell forming tissues of 
adult mammals have the same fundamen- 
tal structure — a fibrous and cellular 
stroma in the meshes of which hemopoie- 
sis takes place. This framework is com- 
posed of reticular fibers and cells. 

The reticular fibers (p. 74) are ac- 
companied or sheathed by a thin layer of 
protoplasm in which are scattered pale 
oval nuclei. These primitive reticular cells 
often show no cell limits. They have but 
slight phagocytic properties and only 
rarely contain a few granules of waste 


pigment; they do not store appreciable 
amounts of vital dyes (Fig. 66). Like the 
mesenchymal cells of the embryo, they are 
endowed with the ability to turn into all 
types of blood and connective tissue cells. 

From these primitive reticular cells 
there are many transitions to larger cells 
which are active phagocytes, called phago- 
cytic reticular cells or fixed macro- 
phages. These have an abundant cyto- 
plasm, often containing waste pigment, 
and a large pale nucleus (Fig. 66). Most 
of them are stellate or spindle-shaped and 
adhere to the reticular fibers. 

The fixed macrophages may become 
large free macrophages with thin, mem* 
brane*like pseudopodia. These cells ener* 
getically phagocytose various foreign par* 
tides w'hjch come in contact with them. 
They may contain debris of dead cells, 
engulfed erythrocytes in various stages of 
disintegration and, in vitally stained ani* 
mals, numerous large dye granules. In 
fresh preparations stained supravitally 
with neutral red, the inclusions and vacu- 
oles of the macrophages slain deeply. 

LYaiPIIATiC TISSUE 

In the mammals the lymphatic tissue 
forms distinctly outlined organs, the 
lymph nodes, which are arranged along 
the course of the lymph vessels. This tis- 
sue is found also in the hemal nodes and 
in the peripheral lymph nodules scattered 
in the mucous membrane of the alimen- 
tary canal and of the respiratory passages, 
in the conjunctiva, etc. The lymphatic tis- 
sue forms a large part of the spleen and 
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the majority of tlie cells in the loose connective 
tissue ate roelanophores. Such a tissue can be 
termed “plgroent tissue.” It is described in the 
section on the e>e. 

Connective Tissue {Ivumtita Froprta) of 
the Intestinal and Uterine Mucous Mem* 


and Collagen, Acta Neerland. Morph., (4), 
291, 1912. 

Xjigucsse, E.; La structure lamelleuse «t Ic de- 
's'cloppement du tissu conjonclif lache chez les 
mammiferes en general et chez I’homnte en 
particulier, Arch, de Biol,, (31), 173, 1921. 



branes, die Interstitial Coiiiicclivc Tissue of 
the Lung, Testis, Ovary, cic< Tlic connccthe 
tissue ivhich surrounds and suppotls the epi* 
thelial elemems in these organs acquires a spe* 
cifically dilTerentiated structure. It U described 
in the chapters which deal with these organs. 
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has not been proved to exist in the endo* 
ihelium of the common blood or lymph 
vessels, the term is not justified. The flat- 
tened form of these rnacrophages w an 
adaptation to their position on the wall 
of the channels through which the lymph 
flows. The term littoral or fmmg cells of 
the system of macrophages is perhaps the 
best to use. (See p. 96.) 

The lymphatic tissue does not contain 
fibroblasts (except along the arteries and 


only in thin seclion.s. The free cells are 
much less numerous in the meshes of the 
sinuses; here they float in the lymph 
which passes slowly through the channels. 
Except for the free macrophages described 
above, (tl^e free cells are all lymphocytes. 

In the lymphatic tissue can be distin- 
guished several types of lymphocytes; (V) 
The small lymphocytes form the vast ma- 
jority (Fig. 67). (See Chapter III.) (2) 
Tlie medittni'Shcd lymphocytes are scat- 



Fig. 66. Medullary sinus of mesentenc lymph node of a rabbit repeatedly injected intravenously 
with lithium carmine Hematoxylm-eosm azure stain 950 X- (A.A.M.) 


veins and in the trabeculae of the lym- 
phatic organs) although, in inflammation 
and in cultures of this tissue, fibroblasts 
develop from the primitive reticular cells 
and from the macrophages. 

The Free Cells. The meshes of the 
fibrous and cellular reticulum contain free 
cslls. In diffuse ly mphatic tissue and in 
the nodules the free cells are so densely 
cratvded that the nuclei of the primitive 
reticular cells can be seen among them 


tered everywhere among the small lym- 
phocytes, but in a much smaller number. 
They are slightly larger ilian the small 
variety, the nucleus is clearer and contains 
less chromatin; one or two nucleoli are 
prominent, and there is more cytoplasm 
Fig. 67, b, c). The^e cells divide mitot- 
ically. (3) Large lymphocytes, macro- 
lymphocytes. These elements, scattered 
singly among the other lymphocjtes, 
measure up to Id or 20 (a in diameter 
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may be found in small amounts in the 
bone mariow. 

Two microscopic constituents can be 
distinguished in the lymphatic tissue: (1) 
a spongelike framework or stroma (whence 
the name “reticular”) and (2} free cells 
in the meshes of the stroma. These con* 
stituents are present in different propor- 
tions in various parts of the lymphatic 
tissue, so that we may distinguish (a) 
loose lymphatic tissue, consisting predom- 



Fig. 65. From a section ot a lympti node after 
the lymphocytes have been removed, showing the 
syncylmm of the reticular cells and ihejr in- 
timate relations with the reticular fibers. Mal- 
lory, azan stain. Redrawn after lleidenbain. 

inantly of stroma; (b) difjuse lyinphatic 
tissue, in which the free cells predom- 
inate; and (c) nodular lymphatic tissue, 
a dense accumulation of fixed or free cells 
within loose or diffuse lymphatic tissue. 
Under various physiological and patho- 
logical conditions, each of these types of 
tissue may turn into either of the others 
(p. 80). 

The loose lymphatic tissue, as found in 
the l)'mph nodes, forms sinuses or path- 
ways for the lymph which flows through 


the organ. Unlike the lymph vessels tvhich 
have a free lumen and a wall of their 
own, the sinuses arc merely portions of 
the lymphatic tissue which are especially 
loose in structure. (See Chapter XI). 

The Stroma. The framework of lym* 
phatic tissue isanade up of (1) reticular 
libers and (2) reticular cells (Fig. 65), 

Fibers. The fibers are of the reticular 
type and are best shown by the silver im* 
pregnation method (p. 74). At the per- 
iphery of the nodules the framework is 
dense and the meshes small, while the 
stroma within the nodules is loose, with 
Very thin fibers; in the loose tissue of tlie 
sinuses the large meshes are composed of 
coarse fibers (Fig. 70) . Along the walls of 
all the blood vessels the reticulum is con- 
densed. 

Cell/i. The celb of the stroma arc the 
primitive reticular cells and the phagocytic 
reticular cells or fixed macrophages. The 
primitive reticular cells of the lymphatic 
tissue have the ability to develop into 
phagocytes and lymphocytes, as well as 
into myelocytes in ectopic myelopoiesis 
(p. 112). Under certain conditions the 
fixed macropliages may become free ma- 
crophages anywhere in the lymphatic tis- 
sue; they are especially numerous in the 
sinuses. When the lymph contains foreign 
substances, such as lithium carmine or 
bacteria, the number of free maerophages 
greatly increases. 

The fixed and free macrophages of the 
lymphatic tissue correspond closely with 
those of the loose connective tissue (p. 
61). In the lymphatic tissue they increase 
by division and by development from 
primitive reticular cells. 

The macrophages which form the walls 
of the sinuses, and which are attached to 
the fibers passing through the cavity of 
these spaces, are often flattened and re- 
semble endothelial cells (Fig. 66). For 
this reason they have been called endolhe- 
Uum, but as the ability to store vital dyes 
and to transform into free macrophages 
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relatively scanty cellular and fibrous re- 
ticulum and are usually the expression of 
some stage of lympbocytopoietic acUvily 
which is focused at a small area in the 
lymphatic tissue. The structure of a lym- 
phatic nodule is a reflection of its func- 
tion and cellular constituents at a given 
time. The nodules appear and disappear 
or pass through a series of cyclic changes 
during which an intense new formation 
of lymphocytes proceeds through prolifer- 
ation of pre-existing lymphocytes and to 
a lesser extent through transformation of 
the primitive reticular cells. Such lym- 
phocylopoielic areas have been called 
germinal centers. In certain pathologic 
conditions, as diphtheria, burns, severe 
bacterial and plasmodial infections, the 
central portions of the nodules may con- 
sist mainly of free macrophages, reticular 
cells or fibroblasts. In such areas lympho- 
cytes are not being formed; these areas 
have been called reaction centers fFig. 
68 ). 

In a nodule which is actively producing 
lymphocytes the central portion may at- 
tain a diameter of 1 mm. It often has a 
small artery supplying it with blood. This 
central area in such a nodule appears 
paler than the surrounding mass of small 
lymphocytes with their dark nuclei, for 
the majority of its cells are medium-sized 
lymphocytes. They contain more mitotic 
figures than do the medium-sized lympho- 
cytes in other lymphatic tissue Scattered 
among them are a few large lymphocytes 
and all transitions between the two. A few 
small lymphocytes also are found. Among 
the lymphocytes of an actively lympho- 
cytopoietic nodule are scattered primitive 
reticular cells with indistinct cytoplasm 
(Fig. 69). These also show occasional 
mitoses. Macrophages rvilh phagocylosed 
inclusions are distributed along the capil- 
laries in the nodule. The peripheral mar- 
gin of the nodule is often sharply outlined 
by densely cro^vded, small lymphocytes 
arranged in concentric layers. 


In a stage of complete rest the lym- 
phatic nodule consists mainly of small 
lymphocytes, so compactly arranged that 
the nodule stands out as a den«e darkly- 
stained area in the diffuse lymphatic 
tissue. 

New nodules may develop anywhere in 
the dense, loose, or nodular lymphatic tis- 
sue- These new areas of lymphocytopoie- 
sis start with the appearance of many, 
rapidly repeated mitoses in medium-sized 
lymphocytes. In some instances these have 
been shown to arise as free cells, with a 
narrow rim of cytoplasm, from mitoses in 
the primitive reticular cells (Fig. 77). As 
the medium-sized lymphocytes increase in 
number, the pale-staining area increases in 
size. Many of the medium-sized lympho- 
cytes become large lymphocytes and at 
this lime some of the primitive reticular 
cells are becoming macrophages. If the 
new lympbocytopoietic areas develop 
within pre-existing nodules, the small 
lymphocytes surrounding the active, en- 
larging area are compressed to a dark- 
staining zone which is usually sliarply 
separated from the pale-staining region of 
proliferating lymphocytes. If the new 
nodules develop in the diffuse or loose lym- 
phatic tissue,* they may or may not have 
an outer zone of small lymphocytes, de- 
pending on the density of the surrounding 
lymphatic tissue. 

As a bmphocyte-formioE nodule becomes in- 
active, mitoses become less numerous and the 
last divisions of the medium-sized cells give rise 
to small lymphocytes; some of the latter may 
possibly originate from shrinkage of the larger 
cells. Plasma celts also appear. The decrease of 
the growth pressure effaces the sliarp boundary 
line between the center and the periphery of the 
nodule, which then becomes uniform in appear- 
ance and composition. 

Tlie New Formation of Lymphatic Tissue. 
New foci of lymphatic tissue and even lympli 
nodes can develop in any part of the loose con- 
nectne tissue in the adult organism. When this 
happens, the lymphocytes and the elements of 
the stroma develop from the ubiquitous undiffer- 
entiated mesenchymal elements of the adult con- 
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when rounded. They occur everywhere, 
even in the sinuses, but are more numer- 
ous in the lymphatic nodules, their num- 
ber varying with the functional condition 
of the lymphatic tissue. Very often, es- 
pecially in human lymph nodes, they may 
be absent. Their cytoplasm forms a broad 
layer around the nucleus and is strongly 
'basophil, presumably due to ribosenu- 
cleic acid. It may contain a few vacuoles 
at the indentation of the nucleus; the hem- 
ispherical cytocentrum with a diplosome 
is surrounded by a Golgi net. There are 
more rod-shaped mitochondria than in 
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Fig. 67. Lymphocytes from a human ]ymph 
node: a. Large, b, c, medium-sized, and d, e, 
small lymphocytes. Hematoxylin - eosin - azure 
stain. 1500 X- (A.A.M.) 

the smaller forms and they are arranged 
around the cytocentrum. The large, usu- 
ally hidirey-shaped nucleus occupies a 
slightly eccentric position, with the exca- 
vation directed toward the large accumu- 
lation of cytoplasm. The nuclear mem- 
brane is coarsely outlined; the chromatin 
particles are widely scattered in a large 
quantity of clear nuclear sap. Always 
there are one or more large irregularly 
shaped nucleoli. The large lymphocytes 
are found dividing by mitosis. 

These three types of lymphocytes are 
connected with one another by an unin- 


terrupted series of transitional forms. In 
the small lymphocytes mitoses are ex- 
tremely rare under normal conditions, the 
main source of the lymphocytes of the 
blood being the medium-sized lymphocyte. 

Most of the evidence indicates that under suit- 
able external conditions the small lymphocyte 
may hypertrophy into a larger one and regain the 
ability to divide. This transformation probably 
occurs but rarely in the lymphatic tissue; in 
other places in the body it has been clearly dem- 
onstrated after the small lymphocyte has circu- 
lated In the blood. It has been shown that in a 
case of chronic lymphatic leukemia the small 
lymphocytes of the blood can hypertrophy in liv 
sue culture within a day into typical, \ery large 
lymphocytes. (See p. l07 for a discussion of the 
developmental potencies of lymphocytes.) 

Plasma cells are of common occurrence in the 
lymphatic tissue, especially in the medullary 
cords of the lymph nodes; their number is sub- 
ject to marked vari.ition, particularly under 
paihoJogJc foadiboni ]n some aTiima)s (rat, 
mouse) plasma cells are especially numerous. 
Sometimes, eosinophil leukocytes are found in 
the lymphatic tissue. Heterophil granulocytes are 
a sign of an inflammatory lesion. Young forms of 
granulocytes (myelocytes) are found only in ex- 
tramedullary myelopoiesis (p. 112). Common 
connective tissue mast cells are often found scat- 
tered along the fibers of the reticulum; mono- 
cytes usually do not occur. 

The Devclopmeni of Lymphocytes. 
In the postnatal mammals most lympho- 
cytes arise by mitosis of pre-existing lym- 
phocytes within the lymphatic tissue. 
This occurs mainly in the nodular but 
also to some extent in the diffuse and loose 
lymphatic tissue. The mother cell is usu- 
atly a medfum-stVed lymphocyte, al- 
though dividing large lymphocytes are 
not uncommon. In gome instances it has 
been possible to trace lymphocytes to their 
origin in primitive reticular cells — a 
source probably active only when the pre- 
existing lymphocytes are unable, by their 
mitoses, to fill the demand for lympho- 
cytes, (See p. 93.) 

The Lymphatic Nodules. The lym- 
phatic nodules are especially dense accu- 
mulations of lymphocytes embedded in a 



83 


blood-forming and destroying tissues 


neciLve tissue (p. 61). Also, the lymphatic Us- 
sue may undergo involution and di*appear, the 
Ijmphocytes degenerating or ^vandering away, 
while the fixed reticular cells seem to be trans- 
formed into fat cells. 

The Fitnclion of the Lymphatic 
Tisswc. The most conspicuous funclion 


and hence into the blood. In addition, 
numbers of small lymphocytes migrate di- 
rectly from the lymphatic tissue into the 
blood through the endothelium of the 
venous capillaries. In extramedullary 
myelopotesis the lymphatic tissue can also 
become the source of granuloc>tes. 


' Medium fympfiocyie 

Medium lymphocytes Debris In mitosis Large lymphocytes 



Fig. 69. Portion of an actively lymphocytopoielic nodule of a human lymph node. Hematoxylin- 
eosin-azure II. (Ajt M.) 


of the lymphatic tissue is the production 
of lymphocjtes. The lymphocytes which 
are newly formed in the lymph nodes^ 
the vast majority of them are the small 
\ariety — migrate into the sinuses and 
are carried away by the Ijmph stream 
into the lymphatics and the thoracic duct, 


In the early stages of infection of rab- 
bits and guinea pigs with B. monocylo- 
gencs the lymphocytes of the lymph nodes, 
and occasionally even of the nodules, 
turn into monocytes. Lymphoid hyper- 
plasia in malaria has been found by Talia- 
ferro and Mulligan (1937) to have a 



Fig, 68. Photomicrographs showing four nodules at diiTerent stages of development in mesenteric 
lymph node of guinea pigs, 5 days after injection of B. monocytogenes. A, Small new nodule with 
dividing lymphocytes. Its margins are indicated by the arrow heads. B, Later stage in the develop, 
ment of a lymphatic nodule. It contains 27 mitoses in medium-sized lymphocytes and lacks a per- 
ipheral zone of small lymphocytes Tins nodule is a typical “germinal center" of Flemming. C, The 
central portion of this nodule is actively lymphocytopoietic and contains 15 mitoses in medium-sized 
lymphocytes. It is demarcated from the surrounding diffuse lymphatic tissue by layers of small 
lymphocytes This is the type of nodule which is often regarded as typical, consisting of an outer 
dark-staining zone and a lighter central area D, This nodule has a very pale-staining central portion 
consisting mainly of reticular cells a few macrophages and scattered smaller lymphocytes. This 
nodule with its center depleted of lymphocytes is of the “reaction center” type of Heilman. Hemat- 
oxylin-eosin-azure II. 300 X. After Conway. 
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and that the delivery of lymphocytes to 
the circulation is, in part, under control 
of the adrenal cortex and of the pars dis- 
talis of the hypophysis. The source of 
antibodies has not been determined and 
the significance of the antibody content 
of lymphocytes awaits clarification. 

The marked atrophy of lymphoid tis> 
sues which results from the action of a 
variety of noxious agents (part of the 
“alarm reaction” of Selye) is believed to 
result from the liberation of adrenal cor- 
tical hormones; it does not occur if the 
adrenal cortex is removed. 

Some authors deny the importance of 
the nodules for the regeneration of the 
lymphocytes, believing them to be only 
centers of reaction of the lymphatic tissue 
to various toxic agents. As proof, they 
point to the degeneration of lymphocy-tes 
and of reticular cells in intoxications and 
burns and the inflammatory lesions which 
often occur in the centers, especially in 
infectious diseases. In this sense the 
nodules are reaction centers. But a careful 
study of the cyclic morphologic changes 
of the nodules clearly demonstrates that 
they are also germinal centers, for lym- 
phocytes are formed more profusely in 
the nodular than throughout the diffuse 
lymphatic tissue or in the sinuses. 

The lymphocytes are among the most 
sensitive cells in the body to ionizing 
radiations and certain toxins (mustard 
gas); the reticular cells are among the 
most resistant. 

Embryonic lymphatic tissue has nod- 
ules which are dense masses of small 
lymphocytes, lacking pale-staining cen- 
tral areas. It is claimed that guinea pigs 
which have been reared for sixty days on 
sterile media do not develop centers in 
the nodules (Glimstedt). 

The Lymphalfe Tissue lit the Lower Ver- 
tebrates. In the lower vertebrates, although 
Ijmphocyles are plentiful, their regeneration is 
not localized in special, lymphatic organs, but 
occurs in many places in the connecthe tissue; 


DESTROYING TISSUES 

in fact, lymph nodes are usually absent. The most 
imponant difference in comparison with the 
mammals is that the lymphatic tissue is not 
sharply separated from the myeloid tissue, 

THE MYELOID TISSUE. THE BONE 
MARROW 

Of the several kinds of bone marrow 
which differ macroscopically, the two 
most important varieties are the red and 
the yellow or fatty bone marrow. Only 
the red marrow, which consists of myeloid 
tissue, plays a role in hemopoiesis, pro- 
ducing the red blood cells and the granu- 
locytes. In the embryo and the newborn, 
red marrow only is found in the bone 
cavities. With progressing age the red 
marrow is gradually replaced by the yel- 
low marrow with its fat cells. In the nor- 
mal adult, red marrow is found in the ver- 
tebrae, the ribs, the sternum, the diploe 
of the bones of the skull, and in the proxi- 
mal epiphyses of the femur and humerus. 
Bone marrow forms 2 to 3 per cent of the 
body weight 

No sharp limit can be drawn between 
the two kinds of bone marrow. After con- 
siderable losses of blood or in the ane- 
mias, the fatty bone mattow is replaced 
to a greater or lesser extent by red mar- 
row. After prolonged starvation or in 
some wasting diseases the bone marrow 
loses its blood cells, and the fat acquires 
a peculiar gelatinous appearance; it is 
then called gelatinous or “mucous” bone 
marrow. In myeloid leukemia the red 
bone marrow becomes very rich in gran- 
ulocytes and acquires a gray “pyoid” 
character. Figure 78 shows the effect of 
raising the temperature of fatty marrow. 

The myeloid tissue, like the lymphatic, 
consists of: (1) the spongelike framework 
or stroma which is intimately connected 
with the blood vessels and (2) the free 
cells in the meshes of the stroma. 

Tlie Stroma. As in the lymphatic tis- 
sue, the stroma consists of primitive and 
phagocytic reticular cells attached to the 
argyrophil fibers (Figs. 65, 71). The net- 
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functional significance in malarial im- with its macrophages and will he dis- 
niunitj- in that it builds up a mesenchymal cussed with the structure of the lymph 
reserve from which new macrophages are nodes and spleen. 



Fjg. 70. A 8ti<l B are pliotomicrogrspiis from sections of the same block of mesenteric lymph 
node of rabbit, thirty-six hours after injection of B monocytogenes; C and B, from a block of mesen- 
teric lymph node of rabbit, forJy-eigbt bours after injection of the same bacterium. When nodular 
lymphatic tissue (A) becomes dilTu-e lymphatic tissue tC). the reticular-fiber framework, cbarac. 
teristic of tbe nodules <B(, is lost <t)i. In all sections the subcapsular sinus is prominent. A and C 
stained with hematoxylin; B and D imiiregnated for reticular fibers by tbe Foot method. 107 x. 
After Conway. 


formed fp. 98). The other functions of Evidence is accumulating that lympho* 
the lymphatic tissue are concerned mainly cytes are rich in specific immune hodies 
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and veins in mammalian bone marrow re- found everywhere between Ihe other cells, 
quire further study. Thus, the tissue which ])roduces the^e 

The Free Cells. In contrast to the elements always contains a ready supply 
free cells of the lymphatic tissue, those of' of them and in case of need can forward 
the myeloid tissue are extremely varied large quantities at once into the blood 

in form and are scattered irregularly (Fig. 72). 


Fixed Norinobtmt 

'//e/iiocj/to6/ast macrophage nuclei Megakaiyocyte Heterophil leukocyte 



Normoblast nucleus Eryth- Polychro- Fat Cells Normoblasts Eosinophil myelocytes 
rocytes matophil 

erythroblasts in mitosis 

Fig. 72. Section of bone marrow of rabbit injected with lithium carmine. HemaloxyUn eosin ainre ll. 
460 X. (A.A.M.) 


throughout the tissue. The vast majority 
of (hem are young myeloid elements 
(erythroblasts and myelocytes). 

Mature Myeloid Elements 
Mature, non-nucleated erythrocytes and 
the’’ three types of granular leukocytes 
as they occur in the circulating blood, arc 


Immature Myeloid Elements 
Tlic Ollier free cells in the bone mar- 
row are hemocytoblasts {free stem cells), 
erythroblasts — the precursors of the red 
blood corpuscles — and myelocytes — the 
precursors of the granular leukoc)tes — 
and mepakaryocyles. 

IlemocylohUtsis. The myeloid tissue 
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U’ork of cells and fibers is looser and its 
meshes are larger than in the lymphatic 
tissue. Particulate matter and vital dyes in- 
jected into the blood are taken up very 
rapidly by the fixed macrophages of the 
bone marrow. 

Circulation in the bone marrow is char- 
acterized by the presence of many large 
\essels, called simisoith, through the walls 


in which the arteries connect xvith the 
sinusoids needs further study. 

Tlie stroma of the myeloid tissue is 
distinguished by the constant presence of 
fat cells. These are scattered singly in the 
red marrow (Fig. 71), but in the yellow 
bone marrow they have crowded out prac- 
tically all of the other cells; between 
them remain (besides the blood vessels 


Eoshophit leukocyte Reticular fiber Venous sinus Littoral cell 



Fig 71 Bone marroiv from ifie upper epiphysis of a femur of a child of six years. The fibrous 
nehvork of the wall of a »es«cJ is seen from ihe surface at a and in cross section at b. Diehchowfk) 
stain. 500 X- {A.A.M.i 


of which innumerable cells pass into the 
blood stream. The sinusoids are lined by 
flattened, fixed macrophages t littoral 
cells), like those forming the wails of the 
lymph node sinuses These dye-storing 
and phagocytosing cells have mdistincl 
limits and are in direct conn- rtion with 
similar cells of the stroma. They can 
round off and appear as free macrophages 
in the blood of the sinusoids. The manner 


and reticular fibers) only scattered fixed 
macrophages and primitive reticular cells. 
The latter are probably the main source 
of the new blood cells -when the yellow 
bone marrow is transformed into red mar- 
row. Small accumulations of lymphatic 
tissue along the small arteries of the bone 
marrotv are described by most investiga- 
tors, but lymph vessels have not been 
found. The connections between arteries. 
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of all adult mammals contains ameboid, 
nongranular, basophil cells of lymphoid 
nature. They vary in size, the largest 
measuring 15 /x and are scattered singly or 
in groups of two or four. Their structure 
corresponds exactly to that of the lym- 
phocytes. These elements are the free stem 
cells of all the other myeloid elements. 
From the Unitarian point of view, they 
are morphologically identical with and 
have the same prospective developmental 
potencies as the larger lymphocytes. The 
most suitable name for them is kemocy- 
toblast. The small cells of this type ate 
considered by some to be micromyelo- 
blasts; they are connected with the larger 
hemocytoblasts by a complete series of 
transitional forms. 

Erylhroblasts. The young forms of 
the red blood corpuscles are spherical 
cells with spherical nuclei and are called 
erythroblasts. In living cells their cyto- 
plasm is homogeneous, and of a yellow 
color which intensifies as the cells develop 
into erythrocytes. Supravital staining with 
neutral red produces red precipitates in 
their cytoplasm. Erythroblasts never show 
ameboid motion. In fixed and stained sec- 
tions they show mitochondria, a Golgi net 
and a cytocentrum. The round nucleus of 
the erythroblasts always presents a check- 
er-board distribution of angular particles 
of chromatin. The nucleoli gradually in- 
volute. The number of mitotic divisions 
in the cell lineage is not known. The 
changes in the erythroblasts as they de- 
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velop into erythrocytes are clearly shown 
in Fig. 73, 32-31, and Fig. 74. 

The youngest erythroblasts (those closest to 
the stem cell) are called basophil erythroblasts, 
because of the intense basophilia of their pro- 
toplasm (Fig. 73, 22 ) ; it is deeper than that of 
the hemocytoblasts. An intermediate cell (pro- 
erythroblast, Fig. 74, J7) has been described. 

The. erythroblasts of the next youngest genera- 
tion have a very small amount of hemoglobin. 
(Some authors call' them megaloblasts, a some- 
what misleading term because it was hist u«ed 
for the erythroblasts of pernicious anemia which 
are of different nature — see Jones ) After fixa- 
tion and staining with the Roma^o^vBhy mixture 
(eosin-methylene-azure) the cytoplasm varies 
from a purptish-blue to lilac or gray (Fig 73, 
23-27). These erythroblasts are, therefore, called 
polyckromatophil. This staining reaction is due 
to the appearance of the pink-staining hemo- 
globin m the basophil cytoplasm of the erythro- 
blast (which stains blue with eosin-methylene- 
azure). 

The polychromatophil erythroblasts divide 
mitotically. Some of them remain in the tissue in 
a resting condition for future use. In the others 
the amount of hemoglobin increases while the 
basophilia of the cytoplasm diminishes; in tins 
way normoblasts arise in which the cytoplasm 
stains a briglit pink with the Homanowsky mix- 
ture (Fig. 73, 29). Normoblasts are smaller than 
polychromatophil erythroblasts and only slightly 
larger than mature eryilirocytes. The small round 
nucleus contains a dense accumulation of angu- 
lar chromatin particles and stains very dark. 
After an unknown number of mitotic divisions, 
the normoblasts lose their capacity for prolifera- 
tion and their nucleus is condensed to a darkly 
staining body. Each mature normoblast loses its 
pyknotic nucleus and is transformed into a red 
blood corpuscle. Some investigators hold that the 


Fig. 73. The development of the myeloid elements of human bone marrow from a common lymphoid 
stem cell, tile hemocytoblast (J, 2, 3). 4, 5, 6, Basophil myelocytes and in mitosis (7) ; 8, basophil 
leukocytes; 9, 10, 11, eosinophil myelocytes and in mitosis (12) ; IJ, eosinophil metamyelocyte; 
11, eosinophil leukocyte; 15, leukoblast of Pappenheim; 16, 17, 18, neutrophil myelocytes and in 
mitosis (19) ; 20, neutrophil metamyelocyte; 21, neutrophil leukocyte; 22, basophil erythroblasts; 

polychromatophil erythroblasts with mcreasing hemoglobin content; 28, mitosis of a normo- 
blast; 29, normoblast; 30, normoblast with pyknotic nucleus, beside it an extruded nucleus: 31, 
erythrocyte; 32, two young megakaryocytes; 33, lonltipolar mitosis of a megakaryocyte.) The figure 
has been combined from sections and moist-fixed smears from fresh human bone marrow stained 
with liematQxvlm-ecjsin-aiure. Cells 4-7 are from moist smears fixed in absolute alcohol and stained 
with alcoholic thionin. The mature myeloid elements are from dry-fixed smears of normal liuman 
Mood; 8 stained with alcoholic thionm, 14, 21,31 stained with May-Griinwald-Giemsa. 1500 X- 
(A.A.M.) 
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Fig. 73. See opposite rage for Jegend. 
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jiackus is lost hy karyofyns, while others beliew 
ihis occurs by extrusion. Most of the «Ti«Jence 
favors the latter view. 

Myelocytes. Besides the erythroblasts, 
the young forms of the three types of leu- 
kocytes (heterophil, eosinophil, an^ baso- 
phil) are common cell types of the myel- 
oid tissue. The myelocytes of each of the 
three types are provided rvith their char- 
acteristic granulation and cannot he trans- 
formed into myelocj'les of another type 
or into elements of another kind (Figs. 
72, 73). They have a compact round or 
kidney-shaped nucleus, and proliferate 
intensely by mitotic division. Some of 
their progeny remain unchanged while 
others undergo progressive maturalion. 
Fitially, each cell is transformed indi- 
vidually into a mature polymorphonuclear 
granular leukocyte. These details arc 
clearly shotm in Figs. 73 and 74 vvhich 
also illustrate the differences resulting 
from the use of the two technics. 

Myelocytes uith Heterophil Granules (Neutro- 
phil Myelocytes of Man). Tlie lieterophil mjele- 
cytes are larger lliaa the mature heterophil 
leukoc) tea 

The youngest gentralion is that of tise pro- 
myelocytes. The oval or ksdney-ahaped nucleus 
contains a loose chromatin network am! scsersl 
nueJeoh. At the indentation of the nucleus there 
IS a distJrtci cytocenirum. The ameboid cyto- 
plasm Is slightly basophil, althouglt it often 
shows acidophil areas The specific granules ere 
scarce and usually are confined to ilie periphery 
of the cytocenlrum and to {lie acidophil areas in 
the cell body fn dry smears the prornyelocytes 
contain, m addmtm to the heterophil gr.}nules. 
azurophil granules which later disappear. 


The ptorayelocyfes often show mitosis. In the 
foUowang generation, which may he called hetero- 
jdiil my’elootes proper, the protoplasm becomes 
dlfTosely acidophil ivbile the specific granules in. 
crease in number and fill the whole cell body, 
exempt for the cytocenttum (Fig. 73, 27). The 
cbromatin network of the nucleus becomes 
coarser and stains darker and the nucleoli be- 
come indistinct. Mitoses ate commonj during 
division the granules are evenly distributed 
among the daughter cells and continue to in- 
crease in numbers as the latter grow. Some of 
the lieterophil nijclocytes are small and have a 
dark nucleus; these ore called rnrerom)ehc)tes 
As the result of an unknown number of 
mitoses, a gencratton of heterophil myelocy tea ap- 
pears which has lost Its espaetty fox division. 
The nucleus in these cells, as soon as it is re- 
constructed after the last mitosis, shows a be- 
ginning polymorphism and has the shape of a 
horseslioe (Fig. 73, 20). Such cells are cal!e<l 
metamyelocytes; each of them maturates without 
division and Is transfeimed by progressive con- 
striction of the horseshoe-shaped nucleus into b 
mature heterophil leukocyte (Fig. 73, 22), 
Myelocytes tilth Sosinophil Granules, Less 
numerous than the heterophil myelocj'tes are the 
myelocytes with eosinophil gcsnulei, which un- 
dergo in genml the same changes. Among them 
also dilTetent generations can be distinguished. 
They ail have a sDghlly basophil protoplasm. The 
eosinophil promyelocytes contain a smali num- 
ber of specific granules which do not all stain 
alike. The youngcfl among them show a distinct 
basophilia and stain bluish with eosin-azure; 
from these there are all transitions to mature, 
purely eosinophil, red granules. Mitoses are com- 
mon in the eosinophil myelocytes, especially in 
the large ones. The horseshoe-shaped nucleus of 
the inetamy^clocytes becotnea constricted into two 
lobes m the mature leukocytes (Fig. 73, 24) 

• il/yefocytes ttith Basophil Granules . — ^These 
ate much scarcer than the heterophil myelocytes 
and are difficult to study becauje their p-anuJes 
in man are easily soluble in water. This difficulty 


Fig. 74. Cells obtained from human bone marrow as seen in dry smearfl, with t!ie evceptlon of 
ceil I, -which la from a dry smear of human einhryonie liter, i, Reticulo-endoihclial cell; 2, hemocy- 
loblast; 3, megakaryocyte; 4, leukofalasl of Pappenheim, with azure granules; S, early myelocyte 
wtih azure granules and a lew neutrophil granules; 6-0. neutrophil myelocytes; 9, Rculrophi! leuko- 
cyte; 20-22, eosinophil myelocytes; IS. eosinophil leukocyte; 14, IS, basophil myelocytes; J6. baso- 
phil leukocyte, 17. proerythroblast; 18, boKiphil wylbroblast; 29, 20. polychiomstophii crytiiro- 
blasts; 21, normoblast; 22. erythrocyte; 23-^, stypical erythtoblasts fmegaloblasts) and ertthrocylc 
(megalocytci of pernicious anemia; 23, late basophil megaloblasl; 24, polycbromatopbU megalo- 
Ma*!; 25. ortbochromaiic megaloblast; 26, megalocyte. Note differences in sire of cells and in nuclear 
‘trocture of t!ie eniiirobla ‘1 am! mesafoWast seriee The slides from which these cells were drawn 
nere kindly furnished by O. F Jones. Maj-GmnweW^jeinsa stain. 2350 X. 




Fig 74. bee 


opposite Pcige for iegend. 



' BLOOD-FORWINC AND DESTROYING TISSUES 


93 


the marrow and are carried with the blood into 
the right heart and thence into the capillaries of 
the lungs, where tliey remain and prohably on- 
dergo autolysis. Under pathologic conditions this 
ernfaolisin of the lung vessels by mcgakaryocyiw 
may occur on a large scale ; in fact not only de- 
generating nuclei, hut even whole cells with un- 
changed protoplasm may be found ohslmcting 
the pulmonary capillaries. Howell finds mega- 
karyoc)tes and evtensive platelet-formation in 
the pulmonary vessels of the dog, (See elso, 
Jordan. 1940.) 


the body are increased — in the very 
young organism or in the adult under 
pathologic conditions — homoplastic hem- 
opoiesis does not suffice, and new cryf/iro- 
blasts and myelocytes develop from stem 
cells. This is called heteroplastic hemo- 
poiesis. 

When a hemocytohlast divides, one of its 
various latent potencies suddenly develops and 
both of the daughter cells wliicli originate from 


ffemoeytoblast Rgiieular oeil Intermediate forms 



Eosinophil myeloDifU Pofyohromatophit erythroblasts Basophil stythroblaais 
Fig. 76. Section of human hone marrow from a case of polycythemia vera showing stages in the 
dc'clopmenl of primitive reticular cells Into hemocyiofalasts and basophil erytiiroblasts. 2eRher' 
formol and hcRiatoxyUn-cosIn-aturc 11. From a preparation of C. Huggins. 1380 x. 


Monocytes. Many hematologists be- 
lieve that monocytes are foimed in the 
myeloid tissue. Under normal conditions 
they are found only in the lumen of the 
venous sinusoids. The origin of these cells 
is discussed on page 108. 

Heteroplastic Hemopoiesis. Under 
physiologic conditions, the needs of She 
adult organism for myeloid blood ele- 
ments are usually supplied by komojdas- 
tic hemopoiesis — the production of ma- 
ture cells by young elements of the same 
type. But not all of the young forms reach 
maturity; some of them remain unused in 
the tissue. Whenever the requirements of 


such a inTiosjs show new properties. Some hemo- 
cytobbsts always remain in the tissue as the 
source of future hemopoietic processes when de- 
mand arises. Of the progeny of the hemocyto- 
blasts, some become basophil erythroblasls (p. 
89). These divide mitoticaliy and are trans- 
formed in the succeeding generations into poly- 
chromalophil erythroblasts (Fig 73, I, 22-27). 
WJien hcuiDcyiohlasU develop into myelocytes 
the two daughter cells immediately after the re- 
construction of the nuclei accumulate the char- 
acteristic granules In tlicir protoplasm (p. 91). 
Transitional cells between the hemocytoblasts 
and early myelocytes have been described under 
tbe name of leuiobiasts (Figs. 73, 74). Their 
structural differences ate so insignificant that to 
ficogniae these elements as a separate cell type 
seems unwarranted. 
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induced some investigators to declare that cells 
■with basophil granules in the hone marrow are 
degenerated eosinophil mjclocyfes. For the most 
part the basophil jnyelocj'tes are small cells with 
a paler nucleus than other types of myelocjles. 
The protoplasm contains a widely varying num* 
her of specific, basophil, metacliromatic granules 
of unequal size. Mitoses have been found hut are 
very rare {Fig. 73, 7). 

Megakaryocytes^ Tliese giant cells 
■with 0 polymorphous nucleus nrc charac- 
teristic of the mammalian bone marrottr, 
where they are scattered evenly among the 
other elements. Some of them have a di- 
ameter as large as 40 fu Tlie form of the 


6cen to he distributed in the cell body in 
large quantities, sometimes in small dense 
groups. The presumed role of the mega- 
kar)'ocytes in the production of platelets is 
discussed on page S3. 

In every normal bone marrow many 
megakaryocytes are found degenerating 
{Fig, 75, b) tvhile there are frequent 
signs of their new formation from hemo- 
cyloblasta. 

Use first stage of this transformation consists 
of 8 liypertrophy of the growing nucleus which 
tiien becomes constricted in several places. Then 
follows a series of peculiarly modified, mitotic 



Fig. 75. a, MegaVaryocyte containing a neutrophil leukocyte; h, degenerating megakarjocyte; both 
from human bane marrow. 1500 X- (A.A.M.) 


cell body is spherical, but its surface is 
often provided with irregularly shaped 
processes. 

The nucleus is deeply constricted in 
many places; the lobes bulge at the per- 
iphery, tvhile their central parts are all 
interconnected by short, branched stalks 
(Fig- 75). The interior of the nucleus 
shows a chromatin network and indistinct 
nucleoli. In the living cell the abundant 
cytoplasm is homogeneous and contains 
many groups of centrioles tvhich are scat- 
tered in the furrows of the nuclear sur- 
face. Mitochondria and a Golgi net have 
also been described. With special fixation 
and staining, fine, azurophil granules are 


divisions which concern only the nucleus. The 
ceniriotes divide into several groups and a com- 
plex spindle with several poles arises. The 
chTomosomes are arranged in several equatorial 
planes and give rise to several daughter nuclei. 
There is no constriction of the cytoplasm. In- 
stead. the daugijter nuclei at once fuse into a 
new, larger nucleus which contains more chro- 
inatin than the mother nucleus. After an un- 
known interval a new mitosis with still more 
numerous centers occurs^ the daugiiter nuclei 
again fuse in (he telophase, and the quantity of 
chromatin and the number of the centrioles again 
increase. The number of succeeding mitoses is 
not known. Sooner or later the cell degenerates; 
the giant nucleus shrinks, the cytoplasm disiti- 
tegrates and the final result is a naked, shrunken, 
nuclear tennaat (Fig. 75, b). Such degenerated 
nuclei often find tlieir way into the sinusoids of 
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and bone marrow the red blood celW de- 
\elop extravascularly. while in the yolk- 
sac they are preponderantly of intravas- 
cular origin. 

Fuirclians of tlie IMycloUl Tissue. 
The main function of the bone marrow 
pcems to be the production of myeloid 
elements for the blood. The macrophages 
of the bone marrow also function like the 
macrophages in other tissues (sec p. 961. 


percentage of myelocytes of this type in- 
creases greatly. In certain other condi- 
tions, as in typhoid fever or in agranulo- 
cytic angina, the heterophil mjelocytes de- 
crease in. number. Whenever there is 'an 
increased need of erythrocytes or where 
the erythrocytes are destroyed in large 
quantities, they and their precursors pre- 
dominate in the myeloid tissue. That tern- 
perature plays some role in the control of 



Fig. 78. A tail loop was consuiicted in a twenly-tlirre-day rat. by skinning the distal liaU of tbe 
tail and inserting it surgically m llie peritoneal cavity, where it was kept for one hundred and twentv- 
fi'e da>s. The section on the left (A) is from the cool outside loop and shows fatty bone marrow; 
that on the right IB> shows hemopoietic marrow hum the warm region of live tail in the abdominal 
cavity. 500 X- Courte*) of C Huggins. 

The cellular composition of the blood 
is intimately connected with the condition 
of the bone marrow. Under physiologic 
conditions, the relative numbers of the 
tiifferenl cells in the bone marrow, as in 
the blood, vary only a little. Bui all gen- 
eral pathologic processes immediately af- 
fect the composition of the bone inartow*. 
in most general infection*, during sup- 
puration, etc., the heterophil granulocy’- 
lopoielic appartus is stimulated and the 


hemopoiesis in the marrow is shown by 
ihe fact that the fatty marrow of the tail 
bones of a rat becomes hematopoietic 
when the temperature of the bone is raised 
to that of the body, as by placing it in 
the body (Fig. 78, a, b ) . 

Tlie production of erythrocytes depend? 
in part on an nnli-onemfc joefor which is 
stored in the liver. This factor probahU 
is the result of the interaction of a sub- 
stance in the gastric juice (in/rinsic lac- 
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The IVeM' FormalJon of Free Cells from 
Ftxcti Cells. In the en]br}o the liemocjtohlasts 
of the hone marrow which produce the jounj; 
nneloW forms oreginate from undifTerentialeil, 
fixerl nie«enchjnial cells. In the adult the eame 
proec's mjy occur. Jt Jias been explained that 
some of the reHular eJements of the reticulum 
alwajs remain imdlfTerentlatcd. But under physi- 
ologic conditions h is rare for primitive reticular 
cell- to become free, basophil liemoc>'tohla»ls in 
the hone marrow. The mitoses of the m>cIoc>tcs 


is obvious that ihe neivly formed, mature 
myeloid cells must pass through the waifs 
of llic blood vessels to enter the circula- 
tion. The very thin-walled venous sinus- 
oids make this possible. Tlirough them 
easily pass, not only tlie ameboid mature 
granular leukocytes, but also the non- 
motile erj throcj'tes. When these are read} 
for circulolion they slip through the 


Mitosis in Primitive Dividing 

medium sized reticular primitive 

lymphocyte cells reticular cells 



Fig. 77. Heteroplastic development of ])mpIioc>(c9 from primitive reticular cells in a human lymph 
node Hematoxylin eosin-azure II. 7S0 X- (A.A.M.I 


and erythroblasts — and occasional!) of hemocyw- 
biasis--u«uall>' are sufficient. Faihologtc stimuli 
sometimes facilitate tJie new formation of hemo- 
cjfoblasfs from the primitive reticular cells tFig. 

76) . As described on page 80 lieteroplasUc de 
velopinent of bmphocyic- maj a!-o o<cur iFig. 

77) , 

How fbe Myeloid Elenienfs Enter 
the Blood. Because the myeloid ele- 
ments arise outside the blood stream, it 


membrane into the blood stream in the 
lumen of the sinusoid. The mechanism of 
this phenometion is probably regulated by 
changes in the permeability of the vessel 
walls and in the surface energy. 

Tlie claim that red blood corpuscles in 
the adult, normal man are formed intra- 
\ascularly is based on unconvincing evi- 
dence. In the embryonic mammalian liver 
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“reliculo-endotKeiial syslem,” as defined 
by Aschoff. 

The most easily controlled criterion for 
deciding Avhether a cell of the connective 
tissue or blood is a macrophage is the 
elective storing of colloidal vital dyes 
(Fig. 79) ; tliat is, the cell in ^^uestion 
must accumulate the dye from solutions 
so weak that the other elements of the con- 
nective tissue do not take up appreciable 
amoiuits of it. Any cell surrounded by a 
concentrated solution of a colloidal dye 
may become filled with dye granules. 
Macrophages in tissue culture take up 


ing pigment may accumulate in their cyto- 
plasm, Fat and lipoid inclusions are com- 
mon. 

Macrophages play an important role in 
the general metabolism and in the so- 
called general and local “defense” re- 
actions. The storing of vital dyes is a 
special type of “defense” activity. The 
uUramicroscopic particles of the colloidal 
solution enter the cell body in an invisible 
manner and aggregate in the cytoplasm 
into large particles. The particles then are 
gradually destroyed, at least in part 
through intracellular digestion; in this 


Undifferentiated 

Smail lymphocytes Fixed macrophage perivascular cell Capillary 



Fig. 79. Stretch preparation of omentum of a rabbit vitally stained with lithium carmine. Hemal* 
oxylm stain. SOO X* (A.A.M.) 


droplets of water by pmocyto5W (W. 
Leuis) . 

The macrophages may be found as 
fixed, nonmotUe elements, or as rounded, 
ameboid cells. They can adapt themselves 
structurally to a peculiar position in the 
tissue, as in the thin cells lining the 
sinuses in the lymph nodes, bone marrow, 
liver, and spleen. 

All fixed macrophages have the potency 
of wandering under the influence of cer- 
tain stimuli. In the spleen and liver they 
phagocj'tosc worn-out or damaged eryth- 
rocytes, with the result that iron-conlain- 


way the organism gets rid of some of the 
foreign substance. Although macrophages 
wander under the influence of certain 
stimuli and their precursors are often dis- 
tributed by the blood stream, they lend to 
remain in local sites with the result that 
many “defense activities” are localized. 
For example, dust and other materials en- 
tering the lungs are removed by the so- 
called septal cells; other macrophages of 
the body have no chance to phagocytose 
this material. Foreign particulate material 
in the blood stream is removed by the 
macrophages in such organs as the liver, 
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tor of Caslle) with some substance in the 
diet {extrinsic factor). The absence of 
the anti-anemic factor results in pernicious 
anemia, which can be treated successfully 
by the administration of liver or gastric 
extract. 

The erylhroblasts are about as sensitive 
to ionizing radiations as the hcmocyto- 
blasts {lymphocytes). The myelocytes arc 
more resistant and the megakaryocytes 
much more so, while the reticular cells 
are extremely resistant. 

The curious 'phenomenoo of bone marrow em- 
bolism is explained by tbe extreme permeability 
of the ivalls of the xenous sinuses. Meclianical 
injury, or even the breaking of a bone, or such 
influences as an intravenous or jniraperifoneal 
injection of ground liver tissue, not only causes 
more megakaD0C>te4 to be transported from the 
bone marrow to the lungs, but also numerous 
other cells and even large pieces of hone marrow 
tissue, xvith a subsetiuent plugging of the pul- 
monary vessels. 

THE SPLENIC TISSUE 
The spleen contains two kinds of tissue, 
the white pulp and the red pulp. 77ic 
white pulp, xvhich accompanies the ar- 
teries, is lymphatic tissue. The red pulp, 
a modified lymphatic tissue, is pervaded 
by countless, thin-walled, venous sinuses 
and consists of a stroma which enmeshes 
free cells. The stroma is like that of the 
lymphatic and myeloid tissues, and the 
fixed macrophages wiiich line the venous 
sinuses can be grouped, with the flat cells 
of the lymphatic sinuses in the lymph 
nodes and venous sinuses in the hone 
marrow, with the lining cells of the mac- 
rophage system (Fig. 243). The red pulp 
receives its peculiar character from its 
free cells and the intricate connections 
between its arterioles and venules (See 
chapter on the Spleen.) 

The most prominent of the free cells in 
the red pulp are the erythroev tes and leu- 
kocytes of the circulating blood. The eryth- 
rocytes give the tissue its red color. The 
ever-present free macrophages often con- 


tain phagocylosed erythrocytes and gran- 
ules of hemosiderin and waste pigment. 
Tlie majority of the leukocytes are small, 
medium-sized, and large lymphocytes, 
identical with those in the white pulp. 
Nearly always there are some monocytes; 
their number may occasionally be quite 
high. Countless transitional forms between 
the lymphocytes and the monocytes are 
also present. In extramedullary myelo- 
poiesis, especially in myeloid leukemia, 
the meshes of the red pulp contain myel- 
ocytes of the three tj^jes and erylhro- 
blasls; they also occur in the sinuses. 

THE MACnorilAGES 
inSTlOOTES; KETICULO-ENDOTHELIUM 

Certain cells scattered all over the body 
have the ability to take up particulate mat- 
ter and to store foreign' substances 
brought to them in colloidal solution. 
These cells arc the rnacrop/iages fclasmato- 
cyles or resting wandering cells) of the 
loose connective tissue, the refieuiar cells 
of the lymphatic and myeloid tissues, the 
V, Kupfjer cells in the sinuses of the liver, 
lining cells of the sinuses in the adrenal 
and hypophysis, and the adventitial cells 
about the blood vessels. Tlie “dust cells” 
of the lungs are included among the 
macrophages because they can take up 
particles of dust brought in with the in- 
spired air. 

All of these phagocytes, although fre- 
quently dissimilar under physiological 
conditions, react similarly in response to 
the same stimuli. This observation led to 
the idea that they constitute a single class 
of cells, to which a variety of names has 
been applied. Because Metchnikoff, who 
called them macrophages, was the first to 
recognize that they belong to a single 
phj’siological system and to see clearly 
their function in inflammation and im- 
munity, tlie term macrophage system is 
probably the most appropriate for this 
“sjsiem” of cells. So defined, the macro- 
|diage system is essentially the same as the 
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marrow in a \vide variety of animals. 
Some of them connected this destruction 
of crytlirocytes uilh the formation of bile 
pigment; the erythrophagocytosis was 
correlated with the high iron content in 
the spleen (v. Ebner). The role of the 
macrophages, especially of the v. Kupffer 
cells in the liver of the goose, in the nor- 
mal destruction of erythrocytes with the 
retention of the iron in the phagocytes 
and the elimination of the bile pigment 
from these cells has been clearly shown 
(McNee, 1913). (See review by Rous.) 
In certain pathologic conditions when the 
erythrocytes degenerate in large quanti- 
ties, crj-throphagocytosis in the spleen is 
greatly increased and the cytoplasm of 
the phagocytosing macrophages contains 
large amounts of hemosiderin and waste 
pigment. The red pulp of such a spleen ac- 
quires, macTOscopically. a distinct brown 
color. In these disturbances, other organs, 
especially the liver with its Kupffer cells, 
may also take part in the destruction of 
the erythrocytes. 

Hois’ever, the piiagocytosis of whole 
erythrocytes is probably not the only w'ay 
that Worn-out cells are disposed of under 
normal conditions. A constant disintegra- 
tion of erythrocytes into small, hemoglo- 
bin-stained fragments in the circulation 
Itself is thought to be an important factor. 
The fragments are taken up by the mac- 
rophages in various regions of the body 
and the hemoglobin is broken into hem- 
atin and globin. The first is further split 
into bilirubin, which is excreted with the 
bile, and into iron, which is retained, es- 
pecially by the spleen, and utilized for the 
iormation of new erythrocytes. How ibis 
iron is transferred from the spleen to the 
bone marrow has not been described. 

The presence of degenerating leuko- 
cytes in the circulating blood, although 
often described, has never been confirmed 
conclusively. Destruction of granular leu- 
kocjtps through phagocytosis by the Kup- 
ITer cells in the liver has been observed. 


Large numbers of lymphocytes may de- 
generate in the very place ivhere they are 
formed in the lymphatic tissue (p. 81). 
In addition, the organism always loses 
lymphocytes through migration into the 
cavity of the intestine. It has been esti- 
mated that the life of a lymphocyte in the 
circulation is about 12 hours. 

EMBRYONIC DEVELOPMENT OF 

BLOOD AND CONNECTIVE TISSUE 

The manner in which blood cells de- 
velop in embryonic and postnatal animals 
is one of tlic most controversial subjects 
in histology. In our opinion, the following 
presentation is the most accurate, although 
some hematologists do not agree. Dow’- 
ney’s Handbook of Hematology contains 
extended discussions of the subject. 

Blood is formed in practically the same 
manner in all embryonic mammals. Be- 
ginning hemopoiesis is the same in almost 
all situations and consists in the rounding 
up of outstretched mesenchymal cells into 
free basophil cells which in turn give rise 
to all types of blood cells. The first site of 
this process is the wall of the yolk sac. 
succeeded by the body mesenchyme, 
liver, bone marrow, spleen, and lymph 
nodes. In the yolk sac most of the primi- 
tive stem cells become primitive red blood 
corpuscles which serve as oxygen carriers 
until they are replaced by the permanent 
erythrocytes. The remaining stem cells give 
rise to the definitive or permanent ted 
blood cells, granulocytes, and megakaryo- 
cytes. In all of the other situations in which 
blood formation occurs, the process is the 
same except that primitive erythroblasts 
are not formed. 

In all areas of embryonic blood forma- 
tion the free stem cells are morpholog- 
ically the same as the various-sized lym- 
phocytes (orhemocytoblasts) of the adult. 
Even in the primordia of the lymphatic 
tissue large numbers of erythrocytes, myel- 
ocjles, and megakaryocytes are formed. 
It is only in the late embryonic stages that 
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spleen and bone marrow where they come 
in contact with tlie blood. Similarly^ for- 
eign particulate material in tlie lymph 
stream is removed by the macrophages of 
the lymph nodes. 

Macrophages filled with a foreign sub- 
stance become less capable of performing 
other functions, such as, perhaps, ihc 
elaboration of antibodies. If the macro- 
phages have taken up indigestible particu- 
late matter, as colloidal silver or Indio 
ink, they often degenerate and so set free 
the foreign particles, which may be taken 
up again by other macrophages. In the in- 
testines and in the lungs the foreign par- 
ticles may be eliminated from the body 
with the cells’ containing them. 

Although most investigators believe 
that macrophages produce antibodies, 
Ehrlch and Harris question this conclu- 
sion. 

In any type of copnectise tissue, the 
fixed macrophages are transfonned into 
free inflammatory macrophages or poly- 
blasts under local inflammatory stimuli. 
The same is true of the fixed macrophages 
in a fragment of any tissue which is cul- 
tivated outside the body. In the omentum, 
under physiologic conditions, large num- 
bers of such cells are set free and get into 
the serous exudate (see p. 09). In animals 
Avhich have been repeatedly injected with 
adequate doses of a vital dye, and in gen- 
eral infections, large numbers of free 
macrophages are mobilized in the spleen, 
liver, and bone marrow (Fig. 72). Some 
of them get into the lumen of the venous 
sinuses and are carried with the blood 
into the right heart and on into the capil- 
laries of the lungs, where most of them 
are filtered off. Only a few seem to pass 
into the general circulation. Some inves- 
tigations indicate that they appear in the 
blood only during agony. 

Many authors assume that new macro- 
phages arise only from the mitotic prolif- 
eration of existing macrophages. This is 
not correct. In considering the source and 


behavior of macrophages in defense it must 
be pointed out that they cannot be sharply 
separated from the lymphoid cells. It 
seems probable that in all defense re- 
actions some new macrophages arise lo- 
cally from the mitotic division of preexist- 
ing macrophages or by the direct assump- 
tion of phagocytic activity by cells having 
mesenchymal potencies. In tlie skin the 
latter are the outstretched perivascular 
mesenchymal cells; in tlie myeloid tissues 
they are the primitive reticular cells. In 
addition many new macropliages arise 
from the hypertrophy and development of 
lympiiocylcs and monocytes. In the skin 
these latter are hematogenous; in the 
spleen and other reticular tissue they rep- 
resent the lymphocytes which actively 
proliferate under the stimulus of inflam- 
mation. In order to signalize the fact that 
macrophages may develop homoplastic- 
ally from macrophages and heteroplastic- 
ally from lyinjdioid cells (and primitive 
reticular cells), Taliaferro and Mulligan 
proposed the term lymphoid-macrophage 
system to include both macrophages and 
all macrophage precursors. 

According to Chevremont, macrophages 
do not constitute a specific cell lineage; 
rather they represent a functional trans- 
formation of many different tjqies of cells 
under the influence of cholin. The ques- 
tion of whether the macrophages have 
hemopoietic potencies is discussed on 
p. 114. 

Tlie Destruction of Blood Cor- 
puscles. Both the red and the white cor- 
puscles constantly perish in large num- 
bers, even under normal conditions. With 
the aid of isotopes it has been shoivn that 
the life span of a human erythrocyte is 
about 120 days. The manner and site of 
the physiologic destruction and final dis- 
posal of the erythrocytes have not been 
completely elucidated. The older histolo- 
gists and pathologists noted the frequent 
destruction of red blood cells in the 
phagocytes of the spleen, liver, and bone 
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vessels produce a lew heterophil and eosinophU sides, tut these same elements in the specialized 
granuloc>tes. The hemopoietic activity 6l the Wood-forming areas o! llic mesenchyme are the 
yolk sac in man continues but a short time and source of a most intense hemopoiesis, 
the organ soon atrophies. When the yolk aac o£ Vaacular Endothelium. In emhiyom'c early 
the rat is transplanted to the anterior ciiamher stages, the endotlieiium of the blood vessels ia 

of the eye, the hemocytoblasta produce great identical in its potencies with the common mesen- 

numbers of mjelocytea instead of primitive chymal cells. Thus, in the yolk sac vessels and 

erythroUasts (Block) . in the caudal portion of the aorta, the endothelial 



Fig. 81. Stretch preparation of the wall of the yolk sac of a guinea-pig embryo of thirteen days. 
Development of blood islands, a, from the cells of the peripheral, mesenchymal mesoblasls, mch. 
Cosin-arure stain. 220 X. (A.A.M.) 


Body Mesenchyme. In the diffuse mesen- cells form clusters of hemocytoblasts. The en- 

chyme of ilie body, wandering cells of hemocy- dothelium of the vessels of the embryonic liver, 

tohlastic and macrophage appearance occasion* bone marrow, and spleen may take part for a 

ally give rise to small cxtravascular groups of short time in the production of hemocytoIiJasts, 

myelocytes and erythrocytes; most of these de- Taler, this endothelium becomes the littoral cells 

generate. The hemopoietic activity of the wan- of the macrophage system which either liave lost 

dcring cells in the diffuse mesenchyme soon sub* ot do not use their hemopoietic powers in the 
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an apparent division of blood-forming 
tissues into myeloid and lymphatic takes 
place, and this division seems to hold for 
most of the normal adult life. Under ab- 
normal conditions, howe\er, the myeloid 
potencies of the cells of the lymphatic and 
loose connective tissues may become ap- 
parent even in the adult mammalian or- 
ganism. Blood formation in the embryo 



Fig. 80 Mesenchyme from the liea«t of a rabhil 
embrjo of nine and three-quarter da>s. De»elop- 
ment of large l>mphoid wandering cell (Lm) 
from mesenchymal cells <>1/ and.l/'), Eosin-azure- 
stam. 1025 X- 

thus takes place through the development 
oj a Jiemopoieltc tissue ic/iose constituent 
cells are qualitatively the same but which 
vary quantitatively in the successive loca- 
tions in which this process takes place. 

Origin of Mescnchy'me. The mesenchyme 
arises from the mesoderm through the isolation 
from this layer of cells which become disiiibuted 
singly and in groups in the spaces between the 
three germinal layers. The sclerotomes arc an 


especially abundant source of the mesenchyme. 
Some mesenchymal cells also arise from tiic sur- 
face of the parietal mesoderm facing the ecto- 
derm, from the surface of the visceral mesoderm 
facing the entoderm, and from the lateral layer 
of the somites, the skin plate. 

Yolk Sac. In early human ova irregular 
strands of primitive mesodermal cells traverse 
the small cliorionic “cavity'.” As fluid accumu- 
lates in the blastocyst, these strands cover the 
surfaces of the chorionic, amniotic and yolk sac 
vesicles. As the embryo develops, llie yolk sac 
becomes larger and its mesoderm assumes a more 
typical epitliellum-hke arrangement. This yolk 
sac mesoderm is apparently the source of the 
yolk sac mesenchyme which then develops hemat- 
opoietically as in oilier mammals. The mesen- 
chyme between the splanchnopleure and liie en- 
toderm gives rise to groups of spherical basophil 
cells ftbe Hood islands) connected with one 
another by strands of elongated cells (Fig. 81). 
The peripheral cells of the islands and those of 
the strands become transformed into endothelial 
tubes. The endothelium secretes the blood plas- 
ma, vvhich fills the lubes. In this way the first 
blood vessels, the yolk sac vessels, arise. The 
round cells of the islands are the first blood cells. 
In the first stages of development, the endothelial 
cells of tlie blood vessels in tlie area vasculosa 
are often seen to swell, and become free in the 
lumen as additional primitive blood cells (Fig. 
82). 

The first blood elements are hemocytoblasts. 
They ate free mesenchymal cells and are usually 
called primitiie blood cells (Fig. 82). Almost 
immediately after their formation most ol them 
elaborate hemoglobin and become primithe 
erythroUasts (Fig. 83). They accumulate large 
quantities of hemoglobla and Anally cease divid- 
ing, although the nucleus remains in the ceil. 
Such older forms are called primitiie erythro- 
cytes; they serve the growing embryo as oxygen 
carriers, but Anally die out. They do not form 
deAnitive erythrocytes. A few of the primitive 
blood Cells remain unchanged as ameboid baso- 
phil hemocytoblasts (Fig. 83). The intravascu- 
lar hemocytoblasts at these early stages some- 
times form atypical megakaryocytes- Free pbago- 
cyies arise from the primitive endothelial cells 
and are shed into the lumen. These are the Arst 
macrophages of the embryo; they enguU degen- 
erating blood cells. In the human yolk sac ves- 
sels, the hemocytoblasts later produce a few 
secondary erythroblasts (Fig. 84) identical with 
those in adult Ivone marrow. 

The primitive wandering cells (hemocylo- 
blasts) in the mesenchyme outside the yolk sac 
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Fip. 83 Two sections Ihroush folds of the wall of the )olk sac of twentv-four-day human embryo 
(111316 Unav. Chicaeo Emh. Coll.). A, Eorly stage of hematopoiesis, consisting of proliferating 
extnivascular lieinoc)tobIasts (/, I'), L fa the lumen of a small \essel containing a few primithe 
pol>chromatopbil er>throblasls. B, Later stage of hematopoiesis showing transformation of hemo- 
cytoblasts (fl into primiture basophil ctylhroblasls (io)f primitive poljchromatophil erjthroblasts 
(2, 3), and primrtue erythrocytes (4). 5, Mesenchymal tfeJfs; 6, endothelium; Spl. mes, splanchnic 
mesothelium Hematoxylin eosin-azure II. 1100 X- (From Bloom and BarteJmez, The American /oumal 
ol Anatomy Vol. 67, No. 1, July, 1910.) 
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adult organism. In all the other vessels, the en- 
dotlielium loses its hemopoietic potency very 
earlj' ^Chapter X). 

Liver, The liver, the second hloodTorming 
organ of the crohiyo, develops as a nelviotl. o( 
hranchinp epithelial strands from the epitheVtutn 
of tiie intestine. Large, ihin-wallcd blood vessels 
are located in l!ie meshes of this network from 
the very beginning. Between this endothelium 
and the epithelium are thin layers of roe«en‘ 
chyme which gWe ti«e to hemocytohlasts. They 
proliferate hemopoiclically. The liver cells are 
soon outnumbered by the dense masses of ex* 


of the tnammaltan embryo is the bone marrow. 
The myeloid tissue develops from the primitive 
bone marrow, the mesenchyme which resorbs the 
cartilage in the hones of endochondral origin 
and fills the spaces between the bone trabeculae 
of ihc endocliondral or periosteal bone. Here 
again, the process is the same in principle as in 
the diffuse mes-enciiyme of the body and in the 
liver. Some of the fixed mesenchymal cells be- 
come wandering cells of hemocytobla'tic or 
macrophage type. These proliferate and form 
den»e, exlravasculat clusters of crylhroblast^, 
groujis of myelocytes of the three different types. 


PrlmUio« blood cell Bndothelium 



days somites), m, Rounding off of endothelial cells and their transformation into primitive blood 
cells. Eosm-ature stain 1000 x. lA. \,M > 


iravascular definitive eritliroWasts. a few mega- 
karyocytes and myelocytes are al‘o pre«enl. 

Tbe erythrobiasts produce mature ervibrocytes 
which slip througli the walls of the sinusoids 
and enter the general circulation Tbe endothe- 
Inrm of these ves'^els ts transioru-d into a layer 
of macrophages which form the Lupffer cells ot 
the adult. Toward liie end of gestation tbe hemo- 
poietic activity of the liver gradually subsides so 
that only small foci of erylliroldasls can be found 
in the liver of l!ie newhom. These, too, soon dis- 
appear. 

Bone Marrow. The tliird hemopoietic organ 


and megakaryocytes. Soon, especially in tlie older 
regions, as in llie diaphyses of the long bones, 
a solid mass of myeloid tissue develops. Of the 
original fixed mesenchymal element's only a few 
stellate cells remain between tfie meshes of the 
young Wood cells; some of them remain as the 
primitive reticular cells of the stroma of the 
bone marrow wlille the others develop into 
macrophages and fat cells. Argyrophil fibrils de- 
velop about them. The primitive endothelium of 
the vessels becomes the littoral macrophages in 
later stapes. 

The Lymphalie Organs, The lymph nodes 
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in the adult connective tissue. Most of them, 
!io%ve\et, become fixed macrophages. The primi- 
tive wandering cells also give rise to mast cells, 
which then proliferate mitoticallv. 

The appearance of the priraotdia of Oie white 
and of the brown fat tissue is closely connected 
with tlie development of networks of blood ves- 


cells. In the primordia of the brown fat tissue 
<te)]ate cells assume a polyhedral form and the 
accumulated fat droplets fail to fuse. 

The Origin of Filyerg, According to 
some investigators, fibers develop through 
a direct transformation of living substance 



Fig, 85. Tile development of reticular fibem in a twenty day culture of adult rabbit thymus. Tlie 
reticular libers stain black. Bielschowsky-Fooi and Mallory-Azan stains. 900 X. (A.A.M.) 


seh. The fibrillar jnterveUular substance of the 
connective tissue around the gtowins capillaries 
undergoes a peculiar dissolution and the meseo- 
chyma! cells in these areas proliferate and form 
loose, cellular networks. Althougli seme con- 
sider such accumulations of cells as specific, 
pciitutive. (at organ«, it is more probable that 
these elements are common mesenchymal cells, 
which accumulate fat droplets and become fat 


of the cells. But most authors believe they 
arise between the cells through a conden- 
sation or crystallization of an intercellular 
substance secreted by the cells. 

The process of collagen formation is 
identical in principle in the body of an 
embryo, in young scar tissue and in a tis- 
sue culture; the silver impregnation melh* 
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arise along the course of ‘the lymphatics or in 
the •walla of the primitive lymph sacs in rela- 
liAcly late stages of embryonic development. 
Here again, in circumscribed areas of the dtfTase 
mesenchyme, many fixed mesenchymal cells are 
transformed into wandering cell?. As in the other 
blood forming organs cells of hemocjtoblastic 
and free macrophage types can he distinguhlied 
{Fig. 238). Wandering cells of the small lymph' 
ocyte type, rarely found in the hone marrow, now 
appear in large numbers. The number of large 
and small lymphocytes increases, in part, througli 


Thus, in the embryo of the mammals the myeloid 
and the lymphoid elements are not sharply sep- 
arated from each other. 

In the spleen the lymphocytes develop in much 
the same way as in the lymph nodes, although 
more erythrocytes and other myeloid cells are 
fonned. Some myelocytes also develop from the 
lymphoid wandering cells in the embryonic thy* 
mus. 

Loose Connective Tissue. When connective 
li'.stie fibers appear in the mesenchyme, this tis- 
sue becomes the connective tissue. The exact 



Fig. 81. Section through the yolk sac of a 20 mm. human embryo. In addition to circulating primi- 
tive erythrocytes, there are two foci of developing polychromatophtl definitive erythroblasts. 1, Hemo- 
cyioWdst; 4, primitive ervthrocytes; 5, meseiidiymal ceils; 7 and 8, early and late definitive poly- 
chromaiophij erylinoblasts with one m mitosis at 9, normoblast; 20, lymphoid wandering cell. 
Hematoxylin eosin-azure l\ 1100 X- (From liloora and Bartelmez, The American Journal of Anat- 
omy, Vol. 67, No, 1, July, 1940 ) 


continued mobilization of new, fixed mc»cndiy- 
mal cells, but mainly tlirougb intense mitotic 
proliferation of the free lympiiocMes The fixed 
mesenchymal cells which remain between the 
free cells become the cellular component:, of the 
reticular stroma, and in later stages elaburate 
argyrophil fibrils. 

The lymphatic tissue in the embrvo always 
contains manv lieleropbil and eosinophil myelo 
cyies and a few megakaiyoeyte^ and erfthto- 
blasts; these develop from the ss ne wandering 
cells from which the small lymphocytes arise. 


moment when a mesenchymal cell changes into 
a fibroblast lias not been determined, because 
there is no appreciable change in structure. In 
fact, in all regions of the body some fixed mesen- 
chymal cells remain undifferentiated, mainly 
along the capillaries (p. 61). 

\l the laler-embryonic stages the vast majority 
of the wandering cells in the connective tissue 
are niacruphages; hemocytoblasts are rare ex- 
cept m the primordta of the lymphatic organs 
and ilie bone marrow. 

Many of the wandering cells persist as such 
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in Ujc a<lull connective li««ue. Mon of them, 
lioncvcr, hecome fi'cd macropliape«. The primi- 
tive nanderinp ccllv aUo pi'c ti'C to ma't cells, 
wliich then proliferate tniiotically. 

The appearance of the primordia of the white 
and of the brown fat ti-tsuc is cIo»eI) connected 
with the development of networks of blood ves- 


cells. In the primordia of the brown fat ti«»uc 
stellate cells as>time a pohhedrat form and the 
accumulated fat droplets full to fuse. 

The Oripln of FiJtci-s. According to 
some iincstigatorSf fibers develop tliroiipli 
a direct Iransformation of living substance 



Fig. 8 d. The development of reticular fibers in a twenty-day culture of adult rabbit tbymus. The 
reticular fibers slain black. Bielschowsfcy-Fool and Mallory-Azan stains. 900 X. (A.AM.) 


sels. The fibrillar intercellular substance of the 
connective tissue around the growing capillaries 
undergoes a peculiar dissolution and the mesen- 
chymal cells in these areas proliferate and form 
loose, cellular networks Although some con- 
sider such accumulations of cells as specific, 
primitive, fat organs, it is more probable that 
these elements are common mesenchymal cells, 
which accumulate fat droplets and become fat 


of the cells. But most authors believe they 
arise between the cells through a conden- 
sation or crystallization of an intercellular 
substance secreted by the cells. 

TTte process of collagen formation is 
idtfitical in principle in the body of an 
embryo, in young scar tissue and in a tis- 
sue culture; the silver impregnation meth- 



Fig. 86 Four stages jn the develiipmem in tissue culture of collagenous fibers from the reticular 
tissue of a rabbit hmph node; a, Section of nonnal lymph node ebowmg cells and reticular fibers 
(black); 6, the reticular fibers are branching and much more numerous after four days in Mlro; 
c, after fiie days m vitro the reticular fibers t black) are m sharp contrast to the newly formed col- 
lagenous fibers (gray) ; d, after si\ davs in culture there are only thick bundles of collagenous fibers. 
Bielschowsky-Fool and Jlallory-Aran stains. About 500 X. After McKinney. 

phil fibrils appear on the surface and be* tures). The first networks increase in nitm- 
iween the fibroblasts (Fig. 85). TJie ber and thickness, and then are rearranged 
fibrils may follow the outlines of the cell into parallel, wavy bundles which con- 
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tituie into the argjrojiJiil netuorks. TJic 
lnin(Ilr« of fibriU increase in tliicknc5s 
and finally Io?e llic nhiliti to Lc impreg- 
nated with siKcr iFig. HGl. Instead, they 
begin to stain with the mctho<K for col-^ 
lagcnons fd*crs (Mallory, van Gteson) 
and, like them resist digestion By pan* 
crcaliti in an alkaline ineditnn. 

Stearns (1910), studying the e1c\elop- 
tnent of fibers in transparent chambers in 
the ears of rabbits, concluded that the 
fibers develop exlraccllidarlj ; she saw (he 
fibroblasts give off parts of their cylo- 
plasm v^Ilicl^ apparently were ntilizeil in 
the production of the fibers. 

The formation of the intercellular con- 
ucctivc tissue fibers ma) be a gelation of a 
colloidal sol secreted liy the ccll«. The 
final arrangement and direction of the col- 
lagenous bundles are probably influenced 
by mecbanical forces. 

Connective tissue fibers do not develop 
in scorbutic guinea pigs and they appear 
rapidly when such animal- arc given vita- 
min C. Phosphatase is present In large 
amounts in the devclojiing collagen of a 
scar. 

Tlie ehstic fibers appear in the embryo 
much later. Tlicir histogenesis has not 
been adequately studied, but it is highly 
probable that the facts found for the col- 
lagenous fibers will be equally applicable 
to them. 

POTENCIES OF DEVELOP.ME.\T OF THE 
LYMPHOID STE.M CELLS OF THE LY.M- 
PHATIC AND MYELOID TISSUES 

Nearly all hemalologist.s agree that the 
various myeloid elements of the bone mar- 
row develop through proliferation and 
differentiation from a basophil free stem 
cell — designated here .is the hemocyto- 
blast. In the lymphatic tissue the small 
lymphocytes develop from young forms of 
larger size which have exactly the same 
structure as the hemocvtoblasts in the 
bone marrow. The qvesUon arises tchelher 


the lymphoUl cells in bath tissues have 
ifienlical or difjerent developmental poten- 
cies. If lliey are identical, then all blood 
dements of the adult originate from one 
common stem cell which may appropri- 
ately be called the hcinocytoblnst (the 
“Unitarian theory” of hemopoiesis). If, 
on the contrary, the large lymplioid cells 
of the Ijmphalic and of the myeloid tis- 
sue** clilTcr in tlicir potencies, then each of 
these two tissues lias a s|>ccific stem cell 
and one of llic«e could be called the hm- 
phoblast, the other the myeloblast (“dual- 
i«lic” theory of hemopoiesis). Tlie “irial- 
i<lic” (heory holds tliat the monocytes, 
too, have a distinct stem cell. There are 
many vnrivitions of each of these theories. 

Much confusion is due to the fact that 
many hematologic theories rest almost cv- 
clu«ively on studies of the peripheral 
blood of man in health and disease. The 
Unitarian theory, liowevcr, i« baser! on a 
coniprehen«}vc comparative and hi«fo- 
genetic stmly of the blood and connective 
li««ue.s in both embryonic and adult ani- 
mals, and to a large c.xtcnt on the results 
obtained from c.xperimental studies on 
cxtranicdnllary myelopoiesis, inflamma- 
tion, and tissue culture. In our opinion the 
sum of all of the facts speaks more in 
favor of the Unitarian ihan of any of the 
pluralistic theories. In its light, the gen- 
etic interrelationships of the blood cells 
are much clarified and it becomes vm- 
necessary to subdivide them into numer- 
ous cell lineages on the basis of minute, 
inconstant, structural dilTerences (Fig. 
871. In fact, the stem cells which appear 
in the blood in leukemia are now called 
“blasts” by most clinical hematologists 
until changes in the blood picture or the 
course of the disease permit the classifica- 
tion into myeloid or lymphatic type. 

In the mammalian embryo hotli lymphoid and 
mvrlotd ciemenis arise from ilte same lymphoid 
wandering cell. 

In the loner vertebrates the boundary between 
myeloid and lymphoid is completely efTaced and 



Fig. 86. Four «3ges in llie devclopmcnl in tl^ue cuUnre of collagenous fibers from tbe reticular 
tissue of a rabbit Ijmpb node: o, Section of normal l^mplt node showing cells and reticular filers 
{black); b. the reticular fibers are branching and much more numerous after four days in vitro; 
c, after fiie days in vitro the reticular fibers tblack) arc m sharp contrast to the newly formed col- 
lagenous fibers (gray) ; d, after vjs days in culture there are only thick bundles of collagenous fibers. 
Biel^chowsky-Foot and Mallory-Aran stains. About 500 X- After McKinney. 

phil fibrils appear on the surface and be- tures) . The first networks increase in num- 
tween the fibroblasts (Fig. Tl»e her and thicknes.s, and then are rearranged 

fibrils may follow the outlines of the cell into parallel, wavy bundles which con- 
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Fig. 87 The interrelationships of ihe cells of the Wood and conneclive tissues of mammals. AU of 
the cells are from human tissues The dotted lines indicate unusual transformations. The lympho- 
c>tes are included -willi the hemocytobUsts. Hemato^ylin^osin-srure li. 720 X* (W* B.) 
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developing l>mplioid and myeloid cells are cvery- 
•\vhere mixed willi each other. 

In certain circumstances the lymphocytes of 
the circulating blood may be transformed into 
myeloid cells. If a small fragment of a lymph 
node of an adult rabbit be cultivated in a me- 
dium containing bone marrow extract, \hc large 
lymphocytes (lymphoblasts or bcmocytoblasls) 
may diiTerentialc into myelocytes. Lymphocyies 
of the thoracic duct of ascaris immunized rab- 
bits have also been obser^'ed to develop into 
heterophil leukocytes in cultures containing bone 
marrow extract and ascaris extract (Fig. 91). It 
has also been claimed that the monocytes of 
monocytic leukemia developed into myelocytes 
in tissue culture. 

Tlie myeloblasts of the blood in myeloblastic 
leukemia develop into macrophages and fibro- 
blasts in tissue culture, just as do the lymplio* 
cytes of lympiiatic leukemia under the same con- 
ditions. The dogma that myeloblasts can pro- 
duce only myelocyies and ery throblasts. Is thus 
refuted. These experiments also refute the so- 
called “trialistic theories” of blood formation, 
for in all of these cultures, both “myeloblasts” 
and “lymphocytes” pass through a monocyte 
stage before becoming macrophages. 

It is generally admitted at present that struc- 
tural difietences between lympliobUsts and 
myeloblasts do not exist constantly. Biochemical 
and functional differences, as the presence of 
oxidizing and proteolytic enzymes in tlie myeloid 
elements and their absence in the lymphoid ele- 
ments, were thought for a time to diflerentiatc 
these two cell types; but these tests have been 
found wanting, because under certain circum- 
stances the lymphoid cells also seem to elaborate 
these enzymes, while in other conditions the 
myeloid cells may lose them. Moreover, the idea 
that the two tissues develop independently in the 
embryo, is entirely unfounded DeBruyn showed 
that lymphocytes and myeloblasts have tlie same 
type of motion in culture. 

Finally, the diHetenl reactions ol myeloid and 
lymphatic tissues and especially of their stem 
cells in various diseases, with an apparent an- 
tagonism between them, seemed to argue in favor 
of the dualistic theory. In lymphatic leukemia, 
only the lymphatic tissue all over the body seems 
to be aflected while the myeloid tissue atrophics- 
In myeloid leukemia, on the conlrarv. the myeloid 
elements flood the organism while the lymphoid 
tissue becomes scarce and even disappears. Ex- 
perimental investigations have shown, however, 
that this different reaction is probably not due 
to fundamental differences in the tissues and 
their elements, but to dijertmes in He slimiiK 


in the two diseases. -The stimulus of unknown' 
nature which plays the decisive rule in myelosis 
causes the common stem cell, the liemocytoblast, 
to differentiate in the myeloid direction, yvliile 
the causative factor of lymphadenosis leads to a 
diffuse proliferation of the hemocyloblasts with- 
out their {utther dlffcrentiaiion. 

Origin of titc I^Ionocytc. The ques- 
tions of the origin and nature of the 
monocyte are among the most debated 
problems in morpliologic hematology. 
According to various investigators, mono- 
cytes arise; (1) in the myeloid tissue, or 
(2) from endothelium, or (3) from mac- 
rophages, or (4) from lymphocytes (hem- 
ocyloblasts) . The majority of the facts 
seem to support the idea that monocytes 
are lymphocytes, that is, hemocytoblasts, 
xvbicb have developed somewhat in the 
phagocytic direction. The main site of this 
transformation is the blood in the venous 
sinusoids of the spleen, liver, and bone 
marrow where transitional forms between 
lymphocytes and monocytes are common, 
especially in experimentally produced 
monocytoses (Fig. 39). In certain infec- 
tions large numbers of monocytes develop 
in llie lymph nodes (Conway, 1938). 

Some believe the monocyte to develop from 
specific monoblasts In the bone marrow, but the 
morphologic specificity of the precursors has not 
been proved. Myeloblasts from the blood in myel- 
obUslic leukemia pass through monocyte-like 
stages as they develop into macrophages in tis- 
sue culture. Most of the recent investigations 
indicate that endothelium does not furnish am- 
eboid cells in the adult mammal. 

The monocytes of the blood do not store vital 
dyes, as do the macrophages, both large and 
small It is clear, however, that the monocytes 
as they develop into macrophages soon take on 
the ability to store vital dyes. While it is theo- 
retically possible that monocytes may develop 
directly from the fixed undifferentiated connec- 
tive tissue cells of the blood forming organs, 
such a process has never been demonstrated 

The Unitarian hematologists consider the 
lymphocytes to he the source of monocytes. They 
point out that in blood smears of most animals 
it IS impossible to separate all of the monocytes 
as a cell type distinct from lymphocytes. In the 
rat, and to some extent the monkey, supravital 
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phases. (3) Free cell? which circulate m 
llic blood or arc fcallerci! tltroupliout the 
conncclhc li««uc. ’nic<c ore die hemo- 
cyics; among them arc to lie dislingvti^hcJ: 
(a) the hcmoc) tohlasts (Ijmphocjlcst 
\»hicli fcr\c as sicm cells for granulo* 
c)lcs, monocjlc?, cr)l}iroc)Ics, and mega* 
kar)oc)lcs. 

Tlie relations hcbxccn aU ihese ceils arc 
not clcarlj obscrNnblc under jihjsiologsc 
conditions Under pathologic or experi* 
mental conditions, when tlicre is an In- 
creased destruction of cells anti a corre- 
sponding intense new fornialion, the gen- 
etic rclalion’^hips may he analjred more 
easily. Three processes especially favor 
such anaijsis: (1) the changes in the tis- 
sue in the local “dcfetjsc" reaction, that 
U, in inflammalion, (2) the reactions of 
tissue in culture, and \Z) extramedul- 
lary myclopoicais. 

U is clear from the facts detailed below 
that the various sired Ijinphocjtcs (licmo* 
c>toblasts) arc all endowet! with hemo* 
poletic, phagocjlic and ftbroc)lic polcn* 
cies. The Ijmjdmcyles are free, mesen- 
chymal cells which arc scaitcrcd every- 
where in the tissues of the adult body anti 
circulate in the blood and Ij'mph. Under 
normal conditions they keep the appear- 
ance of lymphocjtes but, in response to 
certain pathologic stimuli, they may be- 
come granulocjlcs, crythroblasts, macro- 
phages. etc. Tliey may be looked upon .ns 
an easily moiablc mesenchymal rcsers’c. 

It has been shown that fixed cells with 
unrestricted mesenchymal potencies exist 
in the connective tissues of the adult mam- 
mals. According to various ini esiigators 
these are fibroblasts or endothelial cells 
or fixed macrophages. But tiie most con- 
vincing e^^dence indicates that the origi- 
nal mesenchymal potencies are retained 
by cells scaiieied in the loose connecine 
tissue along the blood vesseb, by the prim- 
itive reticular cells of the hemopoietic tis- 
sues, and by some cells lining the venous 
sinuses of the liver. 


In Inilommallon. In intlamed connective 
ll«ue hetcrojdnJ leukocytes mipratc from the 
vessels 6t iIjc xcry Iwptnnicis; ot tlic j«oce*» and 
rapidly degenerate in the ti*«ue. Tlie mononu- 
clear exudate cells ate ameboid, often phapocy- 
lie, nonjsianulaT telU wiili an ovai or kUlncy- 
»lia|ied ftucleu*. llccau«e of the diversity of their 
appearance and their iran^lormations they have 
been called polyblatts. .\cfori3»np Jo xariotia in- 
ve-ttpators tlicy ari«c from: fihroWa«ls, endo- 
(helium, macrophapes. blood lymphocytes or 
monocytes. The main role In their formation is 
played by the three !a*t-natncd cell types. 

In die course of the milammatory process tlie 
fibroblasts proliferate and form tbe collattcn oi 
(be scat of late slages. There U some evidence 
lliat ilioy may develop into macrophacc*, but 
llii* iran«formation is denied by most inve<t({;3- 
tors. In inflamtnstion the cndotlielial cells of tlie 
common Mood ve<*els ore often found swollen 
and dividing mitotically. Dut they da not turn 
»Mo ftte ctUs of any kinvl and do not prwluce 
ameboid or pranular cells, Tbe fixed macro- 
phaees, on (he contrary, furnish a part of the 
polyhlasts This is tspecialiy clear in vitally 
stained animals. 

AUhouirh some of the polyhhsts In oil inflam- 
maiory lesions arise from the local fixed macro- 
phages, a much more important source is the 
lymphocytes ond monocytes of the blood. These 
agranulocytes mipiaie from the blood vessels Into 
the tissue where they rapidly lijpertrophy into 
larpe plugMvtic elements. In (he first two days 
after the onset of inflammation they can sliU be 
distmeuished from the polyblasts of local fixed 
macrophage origin by thetr smaller sire. But 
they continue to grow until after two days the 
polyblasts of local and of hematogenous origin 
can no longer be distinguished. In a vitally 
stained animal the discrimmatlnn o! the poly- 
blasts from the two sources becomes even more 
diflicult as the hypertrophied lymphocytes and 
monocytes very soon begin to store vital dyes. 

In different types of inflammation the poly- 
blasts may assume various characters. In tuber- 
culous lesions some of them become changed into 
the epithelioid cells of the tubercle. Tlie poly- 
falasU may form, througii fusion, giant cells of 
the foreign body or of the tuberculous type. 

In the later stages of inflammation, when scar 
tissue U formed, the poly blasts remain scattered 
among the fibiobjavis ond settle down as fixed 
macrophages; in still later stages, some become 
fibroblasts. In this way small lymphocytes and 
monocytes of the blood develop into macrophages 
and fibroblasts. 

Tissue Cultures. In tissue cultures the 
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staining with neutral red and Janus green shows 
the monocytes to he connected with the common 
small Ijmphocytes by a complete series o( transi- 
tional forms. Similar transition forms between 
l)Tnphoc>toid and monocytoid wandering cells 
are to be found in the loose connective tissue. In 
inflammation the hematogenous Ijmphocyles and 
monocytes rapidly become ameboid phagocytic 
elements (polyblasla). In this progressive devel- 
opment the lymphocytes pass through a transi- 
tory stale in which they cannot be distinguished 


monoblast which is different from a lymphocyte 
(hemocytoblast). 

GENETIC INTERREUTIONSniPS AND PO- 
TENCIES OF THE CELLS OF THE BLOOD 
AND LYJHPH, THE CONNECTI\’E TISSUE 
AND ENDOTHELIUM 

From a general histologic point of view, 
three large groups of cells can be dfslin- 
guished in the connective tissue and the 



Fig. 88 Inflamed loose connective tissue of a rabbit; nineteen-hour stage. In the edematous tissue 
between the collagenous fibers (C) four cell types can be discriminated: hematogenous, heterophil 
leukocytes (iAc) ; fibroblasts (f6) ; hematogenous polyblasts arising from lymphocytes (Plb') and 
from monocytes (P/b) ; mobilized fixed macrophages (histiocytes), X. The last two types of cells 
can still be sharply separated from each other; in later stages both types will form identical poly- 
blasts; Ere, extravasated erythrocyte. Iron-hematoxylin stain. About 600 X. (A.A.M.) 


from monocytes and, among other characteris- 
tics, have a typical neutral red rosette. In cul- 
tures of normal and leukemic blood leukocytes, 
as well as of lymphocytes of rabbit lymph, the 
small lymphocytes change into monocytoid cdls 
and then into large macrophages and finally into 
fibroblasts. In rabbits in wliich an extcnsiTe 
monocytosis has been produced, as by B. mono. 
cyfogenes, the monocytes develop by individual 
hypertrophy from tlie common smaller lympho- 
cytes. In none of this experimental material is 
there any evidence for the existence of a specific 


blood: (1) Fi.xed, highly specialized ele- 
ments. As fibroblasts they produce colla 
gen; as endothelium, they line blood chan 
nels; and as chondrocjtes and osteocytes 
they form the cells of cartilage and bone 
(2 1 Fixed or free cells which phagocytose 
store vital dyes and otlier colloidal sub 
stances, and play important roles in the 
general metabolism and especially in the 
“defense” reactions. These are the macro. 



BLOOD-FOriMINC AND DESTROYING TISSUES 


113 


(2) In t!ie I>mpl!oiti or{:an«, incluiling tlie spletn, rntia(<^ pcfj\B‘cul3r celU or primilive rclicular 
tlie free ha^opliil cc!h nl llic iIjc hmpiro- cells with or wiliioul fias^itip throuf-!i a liemocj- 

C)lcs arc ofipn ihc source of Uie mveioitl ele- loMast stage. 



ments, this process has even been found in the Undiffercnliatcrl Fixed Cells. Primitive 
germinal centers. (3) In sliU other cases the fim Reticular Cells. In the Ijmphatic and mjeioid 
Jnielocytes may develop directly from undiffn-- tissue the detelopment of fixed and free macro- 
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fibroblasts proliferate faster than any other cells. 
Here, too, as in inflammation, they (ail to change 
into other cell types. 

In tis9ue cultures the lymphocytes and mono- 
cytes of the circulatory hlood am! the lympho- 
cytes of the lymph develop into macrophages 
through a rapid transformation (Fig. 90). If the 
nutritive medium contains a vital dye, the hyper- 
trophied lymphocytes and monocy tes store It in 
granular form. In older cultures, the transforma- 
lion proceeds further; the cells proliferate mit- 


places; it develops after ligation of the renal 
artery and >em of the adult rabbit. More general- 
ized extramedullary myclopoiesis occurs in 
various parts of the body in leuhcmia and cer- 
tain intoxications and infections. It can be pro- 
duced through repeated bleeding or chronic 
poisoning wit!> blood-destroying substances. As a 
rule the spleen is the first organ affected. Later 
the l«er, the lymph nodes, the adrenal and other 
organs become involved. Nearly always, it is the 
heleropliil and eosinophil myelocytes which first 



Fig 89. A portion of the periphery of an area of inflammation in the subcutaneous tissue of a rabbit 
caused fiy tlie injection thirty-six hours previously of Bacterium monocytogenes, llemaloxyhn-eosln- 
azure slain. 800 X. After Bloom. 


otically and turn into fibroblasts which form large 
sheets of connective tissue in wlncli the develop- 
ment of argyrophil and collagenous fibers has 
been observed. 

Extramedullary Myelopoicsls. Under phys- 
iologic conditions in adult mammals, and espe- 
cially in man, the formation of the myeloid ele- 
ments is confined to the bone marrow In various 
abnormal conditions extramedullary or ertopi'c 
myelopoiesis or myeloid metaplasia is of com- 
mon occurrence. 

Local myelopoiesis has been observed in the 
sdMOlio aortic "a'i. '■> atlt™a'. “"-i 


appear in the new place: megakaryocytes come 
later and finally erj'throWasts develop. 

Experimental investigations have shown that 
the myelocytes and erylhroblasts in extramedul- 
lary myelopoiesis originate in several different 
ways: (1) Sometimes the first myeloid elements 
appear in the lumen of the venous capillaries 
where they originate from lymphoid ceils wliicb 
circulate in the Idood. From the viewpoint of the 
Unitarian theory the latter are identical with 
lymphocytes. The newly formed myeloid ele- 
ments may pass through the ivaII-of'the-\«seIs . 
into the tissue where they continue to proliferate. 
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{pliagoc)Ji'c rc-licuJar cell) can cease its pliapo* 
c)i5c activity and become a primi{5\e retJeulat 
ce«. 
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pliages from the primitive reticular cells can be 
obser^ed in the body and in cultures of these 
tissues. Lymphoid cells, hemocytoblasts, also 
originate from the same source, particularly in 
the germinal centers. In the omentum the new 
formation of fixed macrophages from perivascu* 
lar, undifferentiated cells has been described. In 
extramedullary myelopoiesis the mjelocytes can 
often be traced directly to perivascular, fixed 
cells. If foreign substances, especially foreign 


that under the influence of external stimuli, all 
fibroblasts can produce any other cell type of 
the blood and connective tissue. This has not 
been confirmed, however. 

According to another opinion, macrophages of 
every kind are endowed with full mesenchymal 
potencies. 

But the histogenesis of the I)'mphoc)tes of the 
lymphatic tissue shows that the lymphocytes 
arise not from the fixed macrophages, but from 



Fig. 91. Heterophil myelocytes and leukocytes which have developed from lymphocytes in tissue 
culture. The thoracic duct lymph of a rabbit immunized to ascarls extract was cultured with con* 
nective tissue in plasma and bone marrow and ascaris extracts. Cell 5a is an unchanged lympho- 
cyte. Sh is an early myelocyte with a lymphocytic nucleus. The cells of 6 show stages in the de- 
velopment of lymphocytes a. c into myelocytes b, d, e, /. llematoxylin-eosin-azure II. 1490 X. Drawn 
by Miss E. Bohlman. After Bloom, 1937, Courtesy of Wistar Press. 


proteins, are introduced into the organism, the 
macrophage system which has to dispose of them 
shows an increase in the size and number of its 
cells all over the body. These newly formed 
macrophages also have their source in the un- 
differentiated mesenchymal elements (primitive 
reticular cells). 

The question as to which cells of the connec- 
tive tissue represent these undifferentiated ele- 
ments is answered in different ways by various 
authors. Some investigators express the opinion 


the primitive reticular cells which are also the 
source of the fixed macrophages. The same is 
true for the development of myelocytes in extra- 
medullary myelopoiesis in the lymph nodes. The 
potencies of the fixed macrophages are un- 
doubtedly greater than those of the fibroblasts. 
Tliey can be transformed into phagocytic poly- 
blasts, or giant cells, or fibroblasts. It has not 
been demonstrated that they give rise to mono- 
cytes, leukocytes, or red blood cells. The ques- 
tion is undecided whether a fixed macropliage 
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CARTILAGE 


In cartilage intercellular substance 
forms a solid mass s^hich permits tins tis- 
sue, e^cu >^iicn fresh, to he sectioned into 
tliin films. The cells lie in special ca>hics 
of the interstitial substance. Because of 
dilTercnccs in the interstitial suhslaiice, 
several t)pe5 of cartilage may be distin- 
guished. of uhich the most important arc 
the h) aline, clastic, and fibrous xariclics. 

IIVAMNE on CMSSI.IKC CAllTMjtCIv 

This variety of cartilage is the most 
Viidcspread and the most ijpicnl; the 
other t)pcs arc modifications of it. In 
aduU mammals it is found on the \cntral 
ends of the ribs, on the surfaces of bones 
Rithin joints, and m the respiratory pas- 
sages. It is mucli more widespread in the 
embryo, where it constitutes most of the 
temporary skeleton. 

Hyaline cartilage is a very flexible and 
somewhat elastic, semitransparent mass 
>\ith an opalescent bluish tint, similar to 
that of frosted glass. It never possesses 
blood vessels of its own, although vessels 
supplying other tissues occasionally pass 
through Jt. With the exception of its naked 
surfaces in joint cavities, cartilage is al- 
ways covered externally by a firmly at- 
tached layer of dense connective tissue — 
the penchondnunu 

Cells of Cartilage (Chondrocytes). 
The cells of hyaline cartilage usually are 
spherical, although there are many ex- 
ceptions Thus, in the layers of the car- 
tilage tinder the perichondrium or under 
the free joint surface, the cells are flat- 
' lened in a plane parallel with the suriace 


and, in the loner layers, they arc hemi- 
spherical or angular because of mutual 
pressure. On the border hetween the car- 



F « iiyatinc cartilage from tlie xiphoid 
process of a ral: a. Transition lajer adjacent to 
perichondrium: b, continuation of follagenous 
fibers from tlie perichoncirium into the inter- 
slitiat substance of the cartilage; c, columns of 
isogenous groups of cartilage «IU, some of which 
have fallen out oi the cavities. Eosin-azure stain. 
7S0 X. (A.A.M.) 

tilage and the perichondrium there are in- 
tCTm^iate forms between the cartilage 
cells and ordinary fibroblasts. 
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Tiic amorphous character o{ the inlcr- 
slilial substance is only apparent. It is 
thoroughly penetrated by thin collagenou*^ 

\ fibrils ■\\hich eillicr form a dense fcltwork 
running in all directions, or gallier into 
definitely oriented bundles {Fig. %l. Tite 
interstitial substance seems to he homo* 
geneous jn the fresh slate and after ordi* 
nary fixation, because the coHagenous 
fibrils are covered Avith a binding mass of 
the same index of refraction. The col* 
lagenous fibers can be dcmonslralwl with 
the siUer impregnation methods or hy 
digesting the tissue with tr)psin which 
does not affect the fibers (sec p. 57). The 



fjg. 9i. Hyaline cartilage of a calf. Redrawn 
and mollified atlcr R Krause. -tOO X- 

collagen from cartilage seems to be much 
the same chemically as that from the loose 
connecti\e tissue. 

The interstitial substance of hyaline 
cartilage U markedly basophil due to its 
content of chondromucoid. a complex pro- 
tein which yields choiidroitic acid on hy- 
dialysis. The intercellular substance im- 
mediately surrounding the capsules is 
often especially basophil; this is believed 
to be due to a concentration of chondro- 
mucoid in these areas. 

Cartilage is devoid of blood vessels; 
as It forms large, compact masses and, as 
in the higher vertebrates, the great ma- 
jority of cartilage cells have no processes 
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and lie in completely isolated capsules, 
the nutritive fluid from the blood ves- 
sels in the perichondrium must pass 
through the interstitial substance to reach 
the cells. 

Man) authors liavc tried to pro\c the evi^icnce 
of B s)$tem of liquid conducting csnaliculi pass- 



Fjg. 9.». Cellular cartilage containing very lit- 
tle ground substance, from the ear of s mouse. 
Dclijdrated and mounted in damar. 100 x* 
After SchafTer. 

ing from one cell capsule to another throagli 
liie inter»t;lia! substance of the cartilage. S)a- 
terns of fdirils connecting neigiiboring celt 
groups have l>cen described by other authors. 
Out at present these structures are considered 
to he artefacts. Tiiose reagents which extract 



Fig. 96. Portion of a tracheal cartilage of a 
guinea pig from which all constituents except 
the collagenous filers have been removed hy 
digestion with trypsin, fledraim after Ruppricht. 

much water cause a vv’rinkimg of the interstitial 
substance which may simulate structures. Direct 
observation of the action of a nontoxic stain 
upon living cartilage shows that the dye is 
quickly and evenly absorbed by the interstitial 
substance. In probably the same manner, the 
interstitial substance of the cartilage is perme- 
ated in the living condition hy the tissue fluids 
from the perichondrium. 
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The body of ihe cartilage cell com- 
pletely fills the cavity which it occupies in 
the interstitial substance. In the adult, 
higher vertebrates, the cartilage cells rare- 
ly have any processes and, as they are 
not connected wdth the wall of tlie cavity, 
they may drop out if the cavity is opened. 
Occasionally in the cartilage of the joints 
of the higher vertebrates and frequently 
in lower vertebrates and in early embry- 
onic stages, the cytoplasm may extend 
into processes which enter the interstitial 
tissue (Fig. 93) ; the cells correspond in 



Fig. 93. Groups of cells with long, branching, 
anastomosing processes in the homogeneous inter- 
stitial substance of a cartilage of Sepia officinal^. 
330 X. lA.A.M.) 

this respect w’ith those of the ordinary 
connective tissue. 

The cytoplasm of the cartilage cells 
contains long mitochondria, vacuoles, fat 
droplets, and glycogen. The vacuoles in 
the peripheral portion of the cell body 
frequently are so large as to distend the 
cell like a bubble. During fixation such 
cartilage cells become wrinkled \cry 
easily* Around the nucleus one can some- 
times distinguish a cylocentrum with cen- 
trioles and a Golgi net. The nucleus con- 
tains one or several spherical nucleoli. 


Mitotic figures are probably never found, 
in the cartilage cells in the mature or-* 
ganism. In the cartilage of the adult, the 
cells arc usually gathered into large or 
small, compact groups (Fig. 94). These 
ceil groups may be rounded or they may 
be stretched into small columns of flat- 
tened cells lying in one line. Inside of the 
groups, between the separate cells, the in- 
terstitial substance may be compressed 
into thin bands or may even be absent. 
This distribution of the cartilage cells is 
the result of their multiplication during 
the last phases of development. After they 
are surrounded by a solid interstitial sub- 
stance, they divide several times in rapid 
succession. In this w'ay, individual car- 
tilage cells give rise to groups which re- 
main close together, imprisoned in the in- 
tercellular matrix. As these groups arise by 
division of one cell they are called 
enons. 

Inlcrstitifl] Substance. When the cells 
ate closely packed, the interstitial sub- 
stance of hyaline cartilage appears as a 
framework of thin cross beams surround- 
ing the cartilage cavities. But more often 
it appears as a solid mass in which sep- 
arate cells and groups of cells are dis- 
persed at some distance from one another. 
In fresh condition and after ordinary fix- 
ation, the substance seems to be quite 
homogeneous. However, the layers adj acent 
to the cell cavities and forming their w’alls' 
are always distinguishable by being more 
refractile, by their somcw’hal different 
staining reactions and, sometimes, by 
their concentric striation (Fig. 94). They 
seem to be envelopes of the cartilage cells 
and are called cartilage capsules. 

Although the capsules are considered 
by many to be a transformed, peripheral , 
layer of the cytoplasm, they undoubtedl) 
belong to the intercellular substance. The 
capsules are not sharply marked off from 
the interstitial material; they are merely 
the layers of it which are the youngest 
and nearest to the cells. 
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ELASTIC CAUTILAGE 
In nianiinaJs this variety of cartilage 
tissue IS found in the cxtcrnaJ ear» tljc 
wails of the external auditory and custach- 
ian lubes, ibc epiglottis, and in parts of 
{)jc corniculatc and cuneiform carliLagcs, 
It differs from tljc liyallnc cartilage mac' 
roscopically, by its yellowish color and 
by its greater opacity, flexibility, and 
elasticity. 

Its cells arc similar to those of hyaline 
cartilage; they are of the same rounded 
shape, are also surrounded by capsules, 
and arc scattered singly or in isogenous 


Here, as veil as in hyaline cartilage, 
the phenomena of calcification and asbes- 
tos transformation may take place with 
advancing age. 

FinnOCLVUTII^AGE 

Fibrocarlilagc occurs as indistinctly 
outlined, small accumulations in a few 
places in the bodies of mammals. It i« 
found in the intervertebral disks, certain 
articular cartilages, in the s}mphysi<5 
pubis, in t!ic ligamcntum teres femoris, in 
the places of attachment of certain ten- 
dons to bones, etc. Here again, the tissue 



Fig. 98. Low power drawing of in'enion of tendon into llie tiliu of a tat. Note the direct irans- 
formaUon of the rows of tcinion cell* (left) into cartilage cclJs ‘•urrounded by decjdy staining 
cartdaginous matrix. flematoxyJm-eosin-azure II. From a preparstion of F. C McLean. (Drawn 
by Miss A Nnon ) 

groups of two or three cells. The intersti- 
tial substance dillers from that of hyaline 
cartilage by being penetrated in all direc- 
tions by frequently branching fibers, 
which give all of the tests for elastin (Fig. 

97 ) . They form a network which is often 
so dense that the amorphous substance 
filling its loops is obscured; sometimes 
the network becomes distinctly denser at 
the periphery of the cells. In the layers be- 
neath the perichondrium, the feltwork of 
the elastic fibers is less dense. The elastic 
fibers of the cartilage continue into those 
of the perichondrium. 


contains typical, spherical or oval car- 
tilage cells with homogeneous capsules 
which lie either singly or in pairs, and 
sometimes in larger or smaller groups ex- 
tended lengthwise. The interstitial sub- 
stance contains thick, compact, collagen- 
ous bundles, parallel -with one another 
and separated only by narrow clefts into 
which are squeezed the capsules contain- 
ing the cells {Fig. 98). In typical cases 
very little is seen of the amorphous inter- 
stitial substance. 

Fibrocartilage is closely associated with 
the dense connective tissue of the capsules 
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Regeneration of Cartilage. After a %vound 
or excision of a portion of living liyoline cartilage 
in adult mammals, an independent regeneration 
of the cartilage does not take place according to 
most observers. In the injured area only necrotic 
and atrophic changes can be observed in the 
cells. The defect is quickly filled by newly formed 
connective tissue, which grows in from the peri- 
chondrium or nearest fascia. Then the fibroblasts 
of this granulation tissue become round, produce 
capsules around themselves and may become 
transformed into new cartilage cells. Meanwhile, 
the fibrillar, interstitial substance of the scar 
tissue becomes homogeneous and gives rise to 


cartilage often undergoes dedifferenliation. On 
the other hand, cartilage is laid down in the 
primordia of the joint surfaces in the embryo 
at a time when there ore probably no mechanical 
forces acting on the joints. Some cartilage cells 
may develop into osteocytes (see p. 137). 
yju^egressive Changes in Cartilage. Colcifica- 
tion is one of the normal regressive changes of 
cartilage. This process is cliaracterized by a dep- 
osition of minute granules of calcium salts in 
the interstitial substance, primarily in the vlcin- 
U> of the cells. The cartilage becomes opaque, 
very hard and brittle. Calcification usually pre- 
cedes the replacement of cartilage by bone. In 



new interstitial substance in the manner de- 
scribed below for the embryonic development 
of cartilage tissue. Accordingly, in adult organ- 
isms, new cartilage tissue is formed by metaplasia 
of the loo^e connective tissue. 

Such a metaplasia sometimes takes place in 
connective tissue under the mfiuence of simple 
mechanical forces acting from the outside, such 
as pressure, particularly when combined with 
friction, etc. It is claimed that the presence of 
cartilage on the joint surfaces of the bones is 
connected with the constant mechanical influ- 
ences to which a normal joint is subjected during 
its function. Wlien these mechanical conditions 
1 disappear, as happens in dislocation of bones, the 


man, ossification may take place in certain car- 
tilages of the larynx as early as twenty years of 
age 

Hyaline cartilage may undergo the so-called 
asbestos transformation. Within the homogene- 
ous intercellular substance, parallel fibers are de- 
posited which have nothing in common with col- 
lagenous fibers. They do not swell In acetic acid, 
hut disvolve in boiling water and in low con- 
centrations of alkalis. They give the tissue a 
silky, glossy appearance similar to asbestos; they 
spread over wide areas and may lead to a soften- 
ing of the tissue and even to the formation of 
spaces in it. It has been reported that new car- 
tilage may develop in these spaces. 
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cells. Som* cells atcQph>, become compccs^l 
tetweea neighlwing cells, and eientuaUjr ^is- 
appear. 

With the era'lu^l increase o^ the inferstitial 
suhslance, there appears s \ery thin, progres* 
siTcly ihichcninp, shining la>er— the capsule — 
along the lines o{ its contact with the otoplasro 
o( the catlilapc cells. This ctructurc develops in 
{lie same manner as the rest of the interstitial 
tissue, of uhich it represents the ^oungcsi layers. 

The alio\e described multiplication of the cells 
by mitosis and the increase in mass of the inter- 
cellular substance is called i/tterslihai grotelh. 

The mesenchyme surrounding the cartilage 
primordiura forms a special layer, the peri- 
eAandrium, which merges gradually with the car- 
tilage on one side and the adjacent embryonic 
connectne ti«sue on the other. Throaphoui em- 
bryonic life there is a constant irancfomtation 
of layers of this connect he tissue Into cartilage. 
Here the acidophil coUagerwu* fibers of the 
dense connective tissue of the pen'chondriiiin are 
arranged in flat bundles; the<e are gradually 
covered with the basophil, carliiaginaus. ground 
eubsiance. At the same time the fihrohlasts of 
the connective tissue lose their spindle shape, 
eliange into spherical cells, and tiius are trans- 
formed directly into cartilage cells surrounded 
by capsules This process is called a/rposcho/ial 
(trontii; tt probably contributes more to the mass 
of the cartilage than does the iriierstitial growth. 
The ability of the perichondrium to form cartilage 
persists, although latent, in the adult organism. 

Moat of the hyaline cartilage of the embryonic 
shelelon is later replaced by bone (Chapter VI 1). 
Some cartilages are completely absorbed, as is 
the case with Meckel’s cartilage. 

At the site of the future elastic cartilage in the 
embryo, tliete is at first cormecthc tis«ue con- 
taining fibroblasts and wavy fibrillar bundles 
which do not give cbaraclerisllc reactions for 
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eitlicr collagen or cU«tin. These indifferent fibers 
apparently are partly transformed into the clastic 
fibers. The cells which are aurroumled by cap- 
sules liecome cartilage elements. On the surface 
of the elastic cartilage there is also a peri- 
chondrium which serves during embryonic life 
for llie oppositional growth of the cartilage. 
The development of the fibrocaililagc differs 
little from the development of ordinary connective 
tissue. In the beginning there arc ordinary fibro- 
blasts separated by a large amount of fibrillar 
substance. Then the cells become round, are sur- 
rounded by capsules, and are directly transformed 
into cartilage cells. Tbe interstitial substance bc- 
coBves infiltrated only slightly it al all Viitli the 
basophil, amorphous, binding mass. 
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and ligaments of joints. It is a transitional 
form between cartilage and connective 
tissue, and this gradual transfornaalion 
can abvays be observed, in the embrj'onic 
histogenesis as well as in the adult or- 
ganism, ^vlierever there is fibrocarlilage. 
Thus, in the intervertebral disks, the hya- 
line cartilage connected with the vertebrae 



Fig. 99. Dcvelopmcnv oi camlage from mesen- 
chyme in a IS-mm. guinea pig embryo The 
mesenchymal syncytium (below) gradually 
mergei into the ptotochoiuital tissue viith inter- 
stitial substance (above). Note mitoses 950 X. 

at first shows distinct collagenous fibers 
in the apparently homogeneous intersti- 
tial substance. Then these fibers collect 
into thick bundles t^hich almost entirely 
displace the homogeneous substance, 
while the cartilage cells retain their 
spherical form and their capsules. Finally, 
this typical fibrocarlilage goes over into 


connective tissue, the cells of tvhich are 
provided with processes and are devoid 
of capsules. 

Other Varieties of Cartilage and C!ion- 
tlroiil Tissue. There is a transitory phase in the 
embryonic development of the hyaline cartilage 
when it U composed of closely adjacent, separate, 
vesicular cells, provided with thin, hut very stable 
elastic capsules, am! with collagenous fibers 
in its interstitial substance. In this undeveloped 
condition, the cartilage may remain throughout 
iife h certa in places in the body of higher organ- 
isms. It occurs frequently in lower vertebrates 
(fislies. amphibians; as in the sesamoid cartilage 
of the tendon of Achilles in frogs) and is still 
more frequently observed in invertebrates. Such 
tissue has been called by several names — pseudo- 
eartifage, fibrohyaiine tissue, vesicular support- 
ing tissue, chondrofd tissue, etc. This cartilage- 
like tissue senes as a mechanical support to 
other parts of the body. 

The tissue composing the notochord of verte- 
brates possesses a quite similat structure. Here, 
there is a shaft of variable thickness which con- 
sists of large, closely packed, vesicular cells dis- 
tended with fluid and with an elaotic membrane. 
Tlie notochordal tissue has a different embry- 
ologic origin from that of the cartilage and of the 
other connective tissues (p. 28). 

lliatogcncsis of Cartilage. In those parts of 
the embryo where cartilage will develop, the 
mesenchyme cells round up and the spaces be- 
tween them become smaller. In most cases, at 
very early stages in the formation of cartilage, 
collagenous ffbrils are present in the intercellular 
substance. Tills material, at first acidophil, soon 
develops into the distinctly basophil homogeneous 
intercellular substance characteristic of cartilage 
(and stains metachromatically with certain basic 
aniline dyes; for example, purpie with methylene 
azure). Although most authors consider this sub- 
stance to be transformed “ectoplasm” of the* 
cUondtoblasls, it is probably a secretion qf thel 
cells (p. 105). In any event, it masks Uie coi-‘ 
lagenous fibrils embedded in it. 

The tells enclosed by the interstitial substance 
quickly acquire the characteristic distinctiveness 
of cartilage cells. They accumulate large amounts 
of fiai4 in v.jcuoIes in tlieir cj-topJasm and be- 
come spherical or, as a result of mutual com- 
pression, polyhedral. Mitoses may be observed 
among them for a long period; during the con- 
stiiclion of the cytoplasm in sucli a division, a 
new parlittoa of interstitial substance quickly 
develops between and separates the two daughter 
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conncclive tissue, called periosteum; a 
somewljat similar tissue, llic endosteum, 
lines the marro\\' spaces, including those 
in spongy bone. 

Cone develops through a transforma- 
tion of connective tissue (i/i/romem?>rff- 
nous ossification) or by a replacement of 
cartilage {intracartila^inous or c/jr/oc/»o«- 
dral ossification) or through a coinbino- 
tion of these processes. The formation of 
bone tissue takes place by apposition, ncu 
bone being laid down upon connective 
tissue, upon cartilage matrix, or upon 
bone itself. As a bone grows in size it 
undergoes internal reconstruction, which 
continues throughout the life of the ani- 
mal, although at a greatly reduced rate in 
adults. As a result of the reconstruction 
during growth, mature bone acquires a 
very complex structure. 

Microscopically, by far the greater part 
of the moss of bone is made up of layers 
{lamellae) of calcified interstitial sub- 
stance or bone matrix; the arrangement 
of the lamellae differs in spongy and in 
compact bone. Dy appropriate methods 
the lamellae are found to be fibrillar in 
structure. Embedded w'itliin the inicrsti, 
lial substance are lacunae (cavities), 
completely filled with bone cells (ojleo- 
cytes). In the walls of the lacunae are fine 
apertures, from which arise numerous 
thin canals, the bone canalicules, which 
penetrate the hard interstitial substance in 
all directions. They branch abundantly 
and anastomose with one another in a sort 
of network, connecting all the lacunae into 
a system of cavities. On the surfaces of 
bone, and much more numerous during 
the active development and growth of the 
skeleton, are osteoblasts and osteoclasts, 
associated respectively with the apposition 
and the reconstruction of bone. Tlie con- 
tribution of the cellular elements of bone 
to its total mass is small. 

The Cells of Bone, Osteoblasts, osteo- 
cytes and osteoclasts, peculiar to bone, are 
closely interrelated, in that transforma- 


tions from one to another of the three cells 
arc frcqucnly ohserted. 

Tlic osteoblast, associated witli the for- 
mation of osseous tissue, appears on the 
surface of hone which is undergoing 
growth and development; these cells arci 
frequently present in a continuous layer, 
suggesting a cuboidal epithelium (Fig. 
101) and thc} arc found in this location 
as long as active growth occurs. The body 
of the ostcolilast has a diameter of 15 to 
20 fi. The nucleus is large, and there is 
usually one fairly large nucleolus. The 
cytoplasm of the osteoblast stains intensely 
with basic anilin dyes, suggesting the 
presence of ribose nucleic acid. This, to- 
gcllicr with the presence of phosphalasCf 
in these cells, suggests that the cells arc' 
concerned with the synthesis of llie pro- 
teins of the bone matrix. TIic cytoplasm 
also contains numerous, threadlike mito- 
chondria: near the nucleus is a pale stain- 
ing attraction sphere with a diplosotnc 
and a Golgi net. The osteoblasts arc often 
connected with one another by thin cyto- 
plasmic processes. 

Tlie ostcocyte is frequently, perhaps 
usually, an osteoblast which has become 
embedded within the bone matrix (Fig. 
100). It has a faintly basophil cyto- 
plasm, containing a few mitochondria and 
a small Golgi net. It is uncertain whether 
it contains a cytocentrum and centriolcs. 
When stained supravitally with neutral 
red, it contains neutral red vacuoles, cs- 
[iccially in young bone. Fat droplets may 
occur: glycogen has not been demon- 
strated. The oval nucleus is large and 
filled with large chromatin particles and 
one or more nucleoli. In general, the ap- 
pearance of the osteocytes suggests that of 
a somewhat shrunken fibroblast with a' 
darker nucleus. Cells with two nuclei oc- 
cur; mitoses have not been described in 
osteocytes. 

The shape of the lacunae in which the 
osteocytes lie is usually flat and oval, re- 
sembling that of a melon seed. They range 
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Bone is a hard, specialized connective tis- 
sue, with a calcified collagejious intercel- 
lular substance. It performs a mechanical 
function in forming the skeletal support 
of the body; it protects the vital organs of 
the cranial and thoracic cavities and 
lodges the bone marrow. Its structure, 

I even to minute details, is beautifully 
adapted to the performance of its support- 
ing function with the least expenditure of 
material and with the least weight. As a 
second important function, related to its 
impregnation with minerals, bone serves 
as a st^re for calcium, and thus plays a 
part in the meeting of the immediate 
needs of the organism for this element. 

Despite its passive character, low meta- 
bolic rate, and great content of inorganic 
material, bone is a very plastic tissue and 
is highly sensitive to alterations of its 
normal mechanical function. Thus disuse 
is followed by atrophy, in this case asso- 
ciated with a loss of substance, while in- 
creased use is accompanied by /»yper. 
trophy, with an increase in the mass of the 
bone. Owing to the ability of the bone to 
undergo internal reconstruction in re- 
sponse to external stimuli, it may to some 
extent be modified at will by surgical and 
experimental procedures. 

Macroscopically. mammalian bone is 
either spongy {cancellous) or compact in 
structure. Spongy bone consists of inter- 
crossing and connecting osseous bars of 
I’arying thickness and shapes. These 
branch, unite with one another, and par- 
tially surround intercommunicating 
spaces filled with bone marrow, by their 


arrangement giving the skeleton a maxi- 
mum rigidity and resistance to changes in 
shape. Compact bone appears as a con- 
tinuous hard mass in which spaces can be 
distinguished only with the aid of the 
microscope. No sharp boundary can be 
drai\n between the two types of bone tis- 
sue; they are merely different arrange- 
ments of the same histologic elements. 
Moreover, practically every bone contains 
both types of osseous tissue. 

In t>picQl long bones (femur and 
humerus) the diaphysis (shaft) consists 
of compact bone and contains in its cen- 
ter a voluminous, cylindrical, bone mar- 
row cavity, Tlic epiphysis (at the end of 
the shaft) consists of spongy bone with a 
thin, peripheral cortex of compact bone. 
The cavities of this spongy bone are, in 
the adult animal, direct continuations of 
the bone marrow cavity of the diaphysis. 
In the growing animal the epiphysis and 
diaphysis are separated by the epiphy- 
seal cartilage plate, which is united with 
the diaphysis by columns of spongy bone, 
often called the metaphysis. The epiphy- 
seal cartilage, together with the spongy 
bone of the metaphysis, form a groicth 
apparatus, ivilliin ivhicb growth in length 
of the long bones occurs. 

In the fiat bones of the skull, the com- 
pact substance forms a relatively thick 
layer on both surfaces, between which 
there is a layer of spongy bone of varying 
thickness {diploe). The short and irregu- 
lar hones usually are of spongy substance 
covered ivith a layer of compact bone. 

All bones are covered with a modified 
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CaScified cartltagc hhscnchgmat cells Vessel Erythrocyie Normoblast 




Fig. 101. Two areas irom seclions ol the booe marrow cavity near the zone of endochondral 
ossification of the humerus of a human embryo of 70 mm. Hematoxyhn-eosin-azure stain About 
TOO X. <A.A.M.) 
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in size from 22 to 52 n in length, 6 lo 14 
fx in width, and 4 lo 9 /x in thickness. On 
the surface of the cell bodies are many 
fine projections which enter the corre- 
sponding apertures in the walls of the 
lacunae. In the early stages of develop- 
ment of bone in mammals, thin cyloplas- 



Fig. 100 Tinn, transparent membrane Lone ol 
a wbite mouse, xtamed supraviially vfUli mell»- 
yleneblue; in gl)ceTin. The interstitial substance 
appears liomogeneous; the angular osteocyles 
wUIi their nuclei Till the cavities. From the cells 
arise anastomosing processes which lie in the 
canalicules and in cross section appear as dots. 
lOtO X. (A.A.M.) 

mic processes penetrate the bone canaU- 
cules so that the bone cells are directly 
connected. How far these cytoplasmic 
processes extend into the bone canalicules 
in adult mammals has not been deter- 
mined. 

The osteoclast is a multinucleated gianl 
cell, varying greatly in size and in the 
number of nuclei. These cells are derived 


from the stromal cells of the marrow; at 
times they arise by the fusion of a num- 
ber of osteoblasts, and they may also in- 
clude osteocytes liberated from bone by 
resorption. Their pale staining cytoplasm 
is often foamy; they frequently have 
branching processes with serrated edges 
(Fig. 101), The numerous nuclei are poor 
in chromatin and each has a prominent, 
although small, nucleolus. 

The Inlcrstilinl Substance. The ap- 
parently homogeneous interstitial sub- 
stance of fresh bone contains masked 
fibers, called osleocollagenous fibers (os- 
acm), similar lo the collagefious fibers of 
loose connective tissue. By silver impreg- 
nation and other special methods it can be 
.shown ibol the individual fibrils are often 
connected into small bundles 3 to 5 
thick; they are believed to be united by 
an amorplious binding substance. Accord- 
ing (o most investigators, it U in this or- 
ganic binding substance that the mineral 
constituents of bone are laid down. In 
favor of this view is the fact that after 
igniting thin sections of bone, fine canali-, 
cules can be seen in the interstitial sub- 
stance in the places formerly occupied by 
ebe fibrils. 

A specialized, thin layer of the intersti- 
tial substance directly adjoins the lacunae 
and the canalicules and forms a sort of 
capsule for them. It differs from the rest 
of the interstitial mass in that it lacks 
fibrils, and by not dissolving when heated 
in a solution of strong alkali. 

CHemical Composition of the fn- 
tcrstitinl Substances The hard intersti- 
tial substance is chemically similar in 
quite different types of animals. Besides 
water, the amount of which varies greatly 
and which is abundant in the bones of 
young animals, the interstitial substance 
consists of two main components: the or- 
ganic framework, and inorganic salts. Of 
compact bone the inorganic part, or bone 
ashs chiefly the bone salt, attains a maxi- 
mum of approximately 65 per cent of the 
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j)arts arc usually arranged in tboee direc- 
tions which correspond wjlli the lines of 
ma>:imnm pressure or tension. Tlie trahoc- 
tilac of the spongy substance are made 
up of a varjing number of closely •ad- 
joining bone plates or lamellae. Em- 
bedded in the interstitial substance are 


of am* long bone is penetrated by numer- 
ous c}!<tidricab branching and anastomos- 
ing canals. These are the Haversian 
canals; they contain blood \cssel3 with a 
smalf amount of connective tissue. Tliey 
comnuinicatc by (he canals of Volhnann 
with the external surface of the bone and 






IntersliVal aya. 


Lantetia of Hauarate.'' ^ 
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Fig. 103. From a longitudinal, ground section of the ulna of man; stained iviih fuefasin. 160 X- 
(After Schaffer.) 


the lacunae, containing osteocytes and in- 
tercommunicating mlh each other through 
a network of canalicules. 

In the compact;substance,.the-lameIIac“ 
are regularly arranged, in a manner 
closely connected w'ith the distribution of 
the blood vessels which nourish the bone. 
The compact substance of the diaphysis 


with the bone-marrow cavity. It is by the 
Haversian canals and their related struc- 
tures that the internal structure of com- 
-pact- bone djlTers from that of spongy 
bone. 

The Haversian Syslems, The Haver- 
sian system is the unit of structure of 
compact bone. It is an irregularly cylin- 
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dry, fal-frce weight in adult life. In dc* 
veloping bone, especially in the embryo, 
this proportion is louer, and it may be os 
Ion' as 30 to 35 per cent in the poorly 
calcified bone of rickets and osleorttahcta. 
Neglecting llie small admixture of other 
elements, the hone salt has the empirical 
formula CaCO;{.nCa^(VO^) in which « 
has a value of approximately 2.5. Except 
for the well established fact that this salt 
gives the .x-ray spectrogram characteristic 
of minerals of the apatite series, the exact 


amounting to 35 per cent or more, is 
made up chiefly of bone collagen or oS' 
sein; only a small fraction of the dry 
weight is contributed by the bone cells. 
Tltc organic framework yields gelatin 
when boiled. 

A weak acid removes the inorganic 
salts, leaving the original appearance and 
microscopic structure. If a bone be ig- 
nited, only the inorganic constituents re- 
main; a bone so treated becomes very 
brittle, although it retains its external 



Fig. 102. AutciTadiographs of di&tai ends of femur of rals lo show relatively sharp localization of 
an a emining element (plutonium) in A. and the more indefinite localization of a long range 
^ emitter m B. Doth ecdions of undecatcified hones after fixation in alcohol. About 10 X* 

With the permission of the Atomic Energy Commission 


details of the crystal structure are still in 
doubt. Considerable quantities of citrate, 
constituting the major portion of the 
body’s stores of this salt, are found in 
bone; its relation to the hone salt is not 
known. Study of the turnover of the in- 
organic substances in bone is greatly 
aided by the use of radioactive isotopes 
(Fi'^. 102 ) . Certain radioactive substances 
accumulate in bone, and may cause ser-cre 
damage to the bone tissue. 

The organic portion of compact bone. 


form and, to a certain degree, its micro- 
scopic structure. 

The Architecture of Bone. Bones are 
formed of two types of tissue, both found 
in nearly every bone. The cortex of a bone 
is commonly compact osseous tis‘«ue. 
while cancellous, or spongy bone is found 
in the medulla. Spongy bone is simple in 
structure, but varied in form. It consist.*, 
of tubes, plates and bars, forming a net- 
work especially fitted for definite mechan- 
ical functions in individual -bones; the 
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more, usually two, blood vessels. These 
are for the most part capillaries and post- 
capillary \cnules, Ijing in close associa- 
tion "'ith the loose connective tissue 
which fills the remainder of the canal; 
occasionally an arteriole is found in a 
canal. The canaliculcs of the Haversian 
s) stems are extra-vascular, their function 
presumably being to promote the diffu- 
sion of the tissue fluids rcquirctl for the 
maintenance of the ostcocjlcs and of the 
interstitial substance of the bone. In a 
typical Haversian system iFig. IdU 
canaliculcs branch out from the canal and 
form a network which includes the 
lacunae. Tlie canaliculcs, for the most part, 
arc directed radially, forming the chan- 
nels of communication between the canal 
and the successive lamellae of the Haver- 
sian system and their lacunae, and cir- 
cumferentially and longitudinally, provid- 
ing for intercommunication between the 



Fig. 105. Cross section of human hip bone in 
polarized light. Tlie cross sections of three Haver- 
sian systems are seen as bright Maltese crosses. 
130 X. Redrawn after Gebhardt. 

lacunae of the same lamella. The radially 
arranged canalicules communicate with 
the broad surfaces of the lacunae; the 
circumferential and longitudinal canali- 


culcs project from the thin edges of the 
lacunae. In the outermost lamella of an 
Haversian system the external canalicules 
loop back into the system; iiitcrcoininuni- 


I 



fibrils in successive plates of on Haversian sys- 
tem. Redrawn ond slightly modified from Geb- 
hardt. 

cation between the canalicules of adjacent 
systems is the exception rather than the 
rule. 

In cross sections of an Haversian sys- 
tem, stained for connective tissue fibers, 
are seen lamellae which are alternately 
longitudinally and circularly fibrillated. 
The alternation of perfectly longitudinal 
and circular lamellae, however, occurs 
very rarely. More frequently this arrange- 
ment is only approximated and the fibrils 
in all the lamellae run spirally to the axis 
of the canal. These spirals in adjacent 
plates cross at various angles and are 
sometimes perpendicular to one another. 
The direction of the fibrils within the 
plates of an Haversian system is shown 
diagramatically in Fig. 106. The alterna- 
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drical, branching and anastomosing struc- 
ture, with thick walls and a narrow lumen, 
the Haversian canal. The canals are gen- 
erally from 22 to 110 n in diameter; they 
are surrounded by concentrically arranged 
plates or lamellae of bone, of uhich there 


while in longitudinal sections the canals 
appear as long slits (Fig. 103). In addi- 
tion to the canals and lamellae, the Haver- 
sian systems include large numbers of 
lacunae, each containing an ostcocyte, 
and of canalicules, forming a network 


Lumen of Haoerslan canal 


Circularly fibritlated 
lamellae 


External canalicules 


of Haversian system 


Fig. 10-1. Sector of a cross section of an HarTrsian s)stem of a maceratect human hip bone. The 
cavities and canalicules are filled with a dye: e, connection of canalicules of the Haversian system 
with those of an intermediate system. 520 X. (A.AJkl.) 

may be from 4 to 20 in a single system, branching out from the canals and inter- 

each from 3 to 7 fi in thickness. The communicating with each other and with 

Haversian systems are directed mainly in the lacunae. The broad surfaces of the 

the long axis of the bone, so that in cross lacunae are circumferentially placed in 

section the canals appear as round open- the lamellae. 

ines and the lamellae are ring shaped. An Haversian canal carries one or 
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more, u?uaJJj- tuo, l)Ioo(J ^ci!5el«. The5c 
are for l!ic most part capillaries and post- 
capillary venules, lying in close associa- 
tion with the loose connccti\c tissue 
\\hich fills the remainder of the canal; 
occasionally an arteriole is found in a 
canal. Tlic canaliculcs of the Haversian 

s) stems arc extra-vascular, their function 
presumably being to promote the diffu- 
sion of the tissue fluids required for the 
maintenance of the ostcoc)tcs and of the 
interstitial substance of the bone. In a 

t) pical Haversian system (Fig. lOt) 
eanallculcs branch out from the canal and 
form a network which includes the 
lacunae. The canaliculcs, for the most part, 
are directed radially, forming llic chan- 
nels of communication hclwccn llie canal 
and the successive lamellae of the Haver- 
sian 5>stem and their lacunae, and cir- 
cumferentially and longitudinally, provid- 
ing for intercommunication between the 



Fig, 105. Cross section of human hip bone in 
polarized light. The cross sections of three Haver- 
sian systems are seen as bright Maltese crosses, 
130 X. Redrawn alter Gebhardt, 

lacunae of the same lamella. The radially 
arranged canalicules communicate with 
the broad surfaces of the lacunae; the 
circumferential and longitudinal canali- 


culcs project from the thin edges of the 
lacunae. In llic outermost lamella of an 
Haversian s)stcm the external canaliculcs 
loop back into the svstem; intcrcomnmni- 


I 



fibrils in successive plates of an Haversian sys- 
tem Redrawn and sliglitly modified from Geb 
hardl. 

cation between the canaliculcs of adjacent 
s)stenis is the exception rallier than the 
rule. 

In cross sections of an Haversian sys- 
tem, stained for connective tissue fibers, 
arc seen lamellae which are alternately 
longitudinally and circularly fibrillated. 
The alternation of perfectly longitudinal 
and circular lamellae, however, occurs 
very rarely. More frequently this arrange- 
ment is only approximated and the fibrils 
in all die lamellae run spirally to the axis 
of the canal. These spirals in adjacent 
plates cross at various angles and are 
sometimes perpendicular to one another. 
The direction of the fibrils within the 
plates of an Haversian system is shown 
diagramalically in Fig. 106. The alterna- 
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tion in the direction of fibrillation in the 
lamellae causes the optic phenomena seen 
in cross sections of the systems in polar- 
ized light (Fig. 105) . 

Strwclurc of Compact Bone. Com- 
pact bone, e.g., the shaft of a long bone, 
is made up chiefly of large numbers of 
Haversian systems. The irregular angular 
spaces between these systems arc filled 
with the interstitial or ground lamellae 
(Fig. 107). Most of these are the remains 


of the bone or in the marrow cavity are 
the canals of Volkmann, within which are 
the blood vessels communicating with 
those of the Haversian canals. They dilTer 
in appearance from the Haversian canals 
in that they are not surrounded by con- 
centrically arranged plates, and that they 
usually contain larger blood vessels. 
Haversian canals frequently communicate j 
with tlie marrow; such intercommunica- 
tion is also carried out through canals of 


Interatitial system 



Fig. 107. Ground portion of a human meiacaipal bone. Stained with fuchsin, mounted in Canada 
balsam. 160 X- After Schaffer. 


of Haversian systems which were only 
partly destroyed during the internal re- 
construction of the bone (p. 139). On 
the external surface of the compact sub- 
stance, and on the internal surface which 
forms the ivall of the marro\v cavity (Fig. 
107) are the basic or circumferential 
lamellae: these vary in number and are 
arranged, as the name implies, in the cir- 
cumference of the bone. Penetrating these 
lamellae, and opening on the free surface 


Volfcmann: in the case of the periosteum 
blood vessels communicating with Haver- 
sian canals are carried solely by the canals 
of Volkmann. 

Sha»-pey*8 Fibers. Compact bone also 
contains Sharpey's or perforating fibers; 
these are collagenous bundles of varying 
thickness passing from the periosleum 
through the systems of lamellae in dilTer- 
ent directions, independently of the ossein 
fibrils, lacunae and canalicules (Fig. 108, 
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SF). They are found in lho?c places 
where, during the formation of a new 
bone jdalo, Uiick collagenous bundles of 
the surrounding connective tissue become 
surrounded by bone. When uncalcihcd 
they occupy irregular, fairly wide ennaU 
in the compact bone substance. When cal- 
cified, they appear in sections as prom- 
inent, irregular stripes or spots against 
die background of interstitial substance. 

Sharpey’s fibers arc encountered in the 
external basic and in the interstitial layers 
uhich dc\clo]i by periosteal ossificalion. 
Thcy arc not found in the Haversian and 
internal basic s) stems. Their number dc- 
jiends on the type of bone and varies 
greatly; they may appear singly or, as in 
some of the bones of the skull, in very 
large numbers. They may he so numerous 
as to displace much of the interstitial sub- 
stance and to compress and deform the 
lacunae (see Weidenrcicli, 1930). 

In addition to Sharpey’s fibers it Is said 
that elastic fibers aUo penetrate the bone 
from tiic periosteum, and arc to be found 
together with or inde[iendenlly of the col- 
lagenous bundles; their occurrence in 
bone is also denied. 

Periosteum, Bone Marrow and En- 
dosteum. Except where it is joined to 
articular cartilage, bone is covered by the 
periosteum, a special, dense, connective 
tissue layer. The attachment is very tight 
on most of the surface of short bones, at 
the epiph)ses of long bones, and where 
tendons and muscles are attached. This 
close connection depends mainly on the 
continuation of dense collagenous bundles 
from the periosteum into the bone as 
Sharpey’s fibers At such places, too, large 
blood vessels and nerves enter the bone. 
Where the periosteum is loosely connected, 
there are only a few, thin, collagenous 
bundles and attachment to the bone is 
largely maintained by small blood vessels. 

The periosteum in adults consists'of 
liNo layers, not sharply defined. The ex- 
ternal layer is a nct^vork of dense con- 


nective tissue containing blood vessels. 
The deep lajor, adjacent to the bone, 
sometimes called the cambium layer, by a 
fancied analogy with the wood-forming 
zone of trees, is composed of more loosely 
arranged collagenous bundles; .some of 
these change direction and enter tlie bone 
as Sharpey’s fibers. The deep layer also 
contains spindle-shaped connective tissue 
cells and a network of thin elastic fibers. 



Fig. 108. From a cross section of a human fibula. 
SF, Sharpey’s fibers. 160 X. .^{ter Schaffer. 


Blood vessels from the external layer enter 
the deep layer and pass through the canals 
of Volkmann to the Haversian canals. 

In the adult organism the periosteum 
has no osteogenic function under normal 
conditions and does not contain osteo- 
blasts. If the bone is fractured, -however, 
the bone-forming potentialities are acti- 
vated and osteoblasts reappear in the deep- 
est layer of the periosteum (p. 145). 

The endosteum is a thin connective tis- 
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sue layer lining the walls of ihe bone 
cavities, which are usually hlled with bone 
marrow. It resembles the periosteum in 
some respects, and is the condensed per- 
ipheral layer of the stroma of the bone 
marrow where it is in contact with bone. 
All of the cavities of hone, including Ihe 
marrow spaces within spongy bone, are 
lined with endosteum after osteoblasts are 
no longer recognizable; that lining the 
compact bone of the shaft, however, is 
more prominent. The endosteum has both 
osteogenic and hematopoietic potencies. 

HISTOGENESIS OF DONE 

Bone always develops by a tranforma- 
tion of embryonic or. adult connective tis- 
sue into a calcified connective tissue. In 
embryonic life and in postnatal develop- 
ment, bone arises dc novo in a relatively 
small number of areas and growth of bone 
thereafter is by extension or apposition. 
Similarly, in the healing of fractures, the 
bony callus grows by extension from the 
fractured bone, although not, as a rule, 
from witliin the fracture gap. Occasion- 
ally, and under certain special circum- 
stances. bone may arise within tissues not 
connected with the osseous system, and 
from connective tissue not ordinarily man- 
ifesting osteogenic potencies, in which 
case the process is called ectopic^ ketero- 
topic, or metaplaslic ossification. 

In embryonic life the greater part of 
the skeleton is formed bv ossification in 
cartilage models of the bones, and groivth 
in length of these bones continues after 
birth by a similar process of erosion of 
cartilage and deposition of bone, gen- 
erally upon a framework of cartilage mat- 
rix. This process is called intracaritlagi' 
nous or endochondral ossification, in con- 
trast with simple inframembronous orn- 
^colion, in \vhich bone is formed from 
connective tissue without intervening 
stages of cartilage formation and destruc- 
tion. 


Inlramemhranous Oaaificaiion. 
TTiis process can be studied favorably in 
the developing bones of the calvarium. 
Tlie place of origin of the first bone 
within the embryonic connective tissue is 
determined, to a large extent, by the 
course of the blood vessels. Bone first 
appears between and at equal distance' 
from two neighboring blood vessels and 
only later spreads tow’ard the vessels. In 
an area where bone will develop, the con- 
nective tissue cells are connected with one 
another by their processes, and delicate 
bundles of collagenous fibrils run in all 
directions between them. The tissue is 
rather loose and between its cells and 
fibrils is a semifluid, amorphous sub- 
stance. 

The first signs of bone development in 
such places ate thin bars of dense inter- 
cellular.substance which run between the 
cells; they soon become wider and thicker, 
and often unite with one another to form a 
network in whose meshes the cells remain. 
Simultaneously, the cells increase in size 
and become polyhedral while retaining 
their numerous processes which are con- 
necled with those of the adjacent elements, 
by which time they become recognizable 
as osteoblasts (Fig. 109, 0) or as osteo- 
cyles. Singly or in groups the cells be- 
come surrounded by the dense interstitial 
substance, which gradually crowds out 
Uie amorphous, semifluid intercellular 
material iFig. 109, B). Fibrils passing 
out of the newly formed bone substance 
continue into those of the surrounding 
tissue (Fig. 109, C). The interstitial sub- 
stance is explained as a secretion or as a 
transformation of the protoplasm of its 
cells; the same explanations are offered 
for the formation of the interstitial sub- 
stance in all connective tissue. 

When a certain stage in the transforma- 
tion of the interstitial substance is reached 
the tissue becomes calcifiable, bone salt is 
deposited in it, and it is now known as 
bone. The property of calcifiability is pre- 
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sumalily conferred tjpon (lie tran^formcil 
conncctu c tissue by the osteoblasts. 0<teo- 
blasts arise in tljc early embryo by direct 
Iransfonnnijon from mesenchymal cells; 
similarly they nia) ari«c in the adult from 
fibroblasts anti reticular cells. 

Very soon after the initial stages of 
formation of bone from connective tissue 
there arc signs of organization; ostco* 
blasts appear on the surface of developing 
bone in a continuous layer (Fig. 110). 
Between their lateral surfaces remain 
spaces through nliich fibrils pas> into the 
bone from the surrounding connective 
tissue. To these are added new fthriU 
formed by the osteoblasts, presumably 
making up the bulk of the fibrillar struc- 
ture of the new hone. 

Through the activity of the o«tcol»lasls 
the bone increases in tliickncss. Succc<stve 
la)ers are added, by apposltiou, to the 
fibrillar mass wliich is being calcified 
nhile the osteoblasts remain on tlie ex- 
terior surface (Fig. 111). As the bone be- 
comes thicker, some of the oslcoblaMs 
^vhich lie on the surface are included, 
one by one, within Us substance; tlicy arc 
the first bone cells or osteocytes, and they 
lie in the lacunae. They arc formed di- 
rectly from those osteoblasts wliich have 
become surrounded by the calcified inter- 
stitial substance which they have pro- 
duced; the possibility of direct transfor- 
mation of a mesenchymal cell into an os- 
teocyte is not excluded. Most of the osteo- 
blasts continue at the periphery and, with 
the gradual thickening of the layers of 
the interstitial substance, they move away 
from those cells which remain in the la- 
cunae. The osteoblasts maintain a contin- 
uous layer on the surface of the plate; as 
some of (hem become included in the 
bone as osteocyles, or as more are re- 
quired for the formation of bone, new 
osteoblasts are formed by the transfor- 
mation of cells from the surrounding con- 
nective tissue; mitotic division seldom 
occurs among osteoblasts themselves. 



Fig, 109. Beginning intramembranous bone for- 
mation in the skull of an embr>o cat of 5.5 cm.: 
F, Ordinary connective tissue cells (fibroblasts) ; 
C. collagenous interstitial substance; B, homo- 
geneous Ibickened collagenous fibers which be- 
come the interstitial bone substance; 0, connec- 
tive tissue cells, with processes, which become 
osteoblasts and later bone cells, Fosin azure stain 
S20 X. (A.A.M ) 

Osteoblasts are connected with one an- 
other by processes, and osteocjtes are 
1 osteoblasts included within the ossifying 
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substance; this explains how the processes plates and bars which branch and unite 
of osleocytes penetrate the interstitial with one another, their fibrils becoming 
bone substance and connect the neighbor- more regularly arranged as the plates 
ing cells (compare Figs. 100 and 109). thicken. The spaces between the plates are 

Fibrous Newlu formed 

periosteum Osteoblast hone Bone 


Inactive 

area 


Bone Osteoclast Osteoclast 

Fig. 110. Cross section through tlie primordium of the parietal Lone of a four-months’ embryo. 
100 X- After Schaffer. 

During the transformation of osteoblasts filled with connective tissue rich in blood 

into osteocytes the cytoplasm of tlie latter vessels and dividing cells; this tissue is 

even forms a number of new processes, gradually transformed into myeloid tis* 

In a mature osteocyte only a few mito- sue. The connective tissue surrounding a 


Inactive area Osteoblast Fibrous periosteum 



Osteoclast Osteoblast New bone Osteoclast Osteoclast 

Fig. 111. An analogous section. of a six-months' «mbr)Q. 100 X- After Schaffer. 


chondria remain; these are near the growing mass of spongy bone remains on 
nucleus. surface and gives rise to the periosteum. 

Bone which develops within the con- The osteoblasts which have remained on 
neclive tissue has a spongy character for the surfaces of the bone during its active 
a long period. It consists of irregular dc\'elopment assume a fibroblast-like ap- 
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pcarancc, and remain as ihe deepest la)crs 
of the periosteum and endosteum; their 
osteogenic potencies are only recognizable 
^^hen they arc again called upon to form 
bone, under which circumstances they 
again assume the morphologic character- 
istics of osteoblasts. 

Intracartilnginous Ossification. In 
Uic process of inlracartilaginous bone for- 
mation, the hyaline cartilage undergoes 
degenerative changes, is eroded by capil- 
laries accompanied by osteogenic cells, 
and is replaced by bone which develops 
in the same manner as in intramembra- 
nous ossification. This process is most fa- 
vorably studied in the zone of endochon- 
dral ossification, which is continuous with 
the epiphyseal cartilage plates of the long 
bones (Fig. 112), and in which endochon- 
dral ossification continues until growth in 
length of the long bones is complete. In 
this zone cartilage cells multiply from 
mother cells and form columns of flat- 
tened cells, instead of the irregular isog- 
enous groups found in masses of hyaline 
cartilage. TJje cells in a column are sepa- 
r.'ited by thin capsules; adjacent columns 
arc separated by wide, parallel bands of 
interstitial substance {Fig. 112). 

Nearer the zone of ossification, the flat 
cells in the columns develop small, and 
then larger vacuoles in their peripheral 
cytoplasm, causing the cells to swell. The 
nuclei also swell and lose most of their 
chromatin, and the cells degenerate. Tlic 
matrix adjacent to these vesicular or hy- 
pertrophic cartilage cells becomes calcifi- 
able, presumably under the influence of 
the cells. If there are adequate concentra- 
tions of calcium and of phosphate in the 
blood plasma the matrix then calcifies, 
especially the broad bands separating, ad- 
jacent columns of cartilage cells; this 
forms the zone of provisional or prelimi- 
nary calcification, which bridges and gives 
rigidity to the gap between hyaline car- 
tilage and spongy bone. 

The next stage in inlracartilaginous 


ossification is due to the activity of the 
connective tissue and blood vessels of the 
bone marrow’. Loops of blood vessels with 
accompanjing connective tissue penetrate 
the cartilage. The interstitial substance 
separating the cartilage cells in the col- 
umns is dissolved in unknown fashion, 
and the distended cartilage cells arc 
opened up, so that they are penetrated by 
the vascular connective tissue. In this way 
communicating canals arise, whose irreg- 
ular walls arc formed by the deeply stain- 
ing and calcified cartilage matrix; the 
canals arc filled with blood vessels and 
loose connective tissue; they lengthen as 
new capsules are opened up. Most of the 
vesicular cartilage cells perish during pen- 
etration of their capsules by the capil- 
laries; 0 few of them may survive and 
become osteoblasts. 

Tbc process just described is dependent, 
for its orderly progress, upon the forma- 
tion of the zone of provisional calcifica- 
tion, which advances just ahead of the 
penetration of the carlilogc by capillaries 
and removal of the cartilage cells. If cal- 
cification in the cartilage matrix fails, 
owing to a deficiency of bone minerals, 
cartilage removal ceases; if multiplica- 
tion of cartilage cells in columns con- 
linues, as is usually the case, the epiphy- 
seal cartilage plate increases greatly in 
thickness. Tin's, together with the appear- 
ance of uncalcified osteoid tissue in exces- 
sive amounts (see next paragraph), con- 
stitutes the histological picture character- 
istic of rickets (Fig. 120). 

When the vascular connective tissue 
penetrates the capsules, those connective 
tissue cells touching the cartilage matrix 
turn into a layer of osteoblasts. Then, be- 
tween the osteoblasts and the cartilage 
matrix, the latter of which remains as a 
scaffolding upon which new bone is de- 
posited, a thin, new layer of tissue appears, 
gradually thickens, and surrounds the 
contours of the cartilage bars (Fig. 101). 
This tissue is calcifiable when it is laid 
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substance; this explains how the processes plates and bars which branch and unite 
of osteocytes penetrate the interstitial with one another, their fibrils becomin'» 
bone substance and connect the neighbor* more regularly arranged as the plates 
ing cells (compare Figs. 100 and 109). thicken. The spaces between the plates are 


Fibrous Newly fomed 

periosteum Osteoblast bone Bone 



Fig. 110. Cross section tlirougli t(ie primordium of tlie paneial bone of a four-months’ embryo. 
100 X. After Schaffer. 


During the fransforniation of osfeoWasls 
into osleocytes the cytoplasm of the latter 
even forms a number of new processes. 
In a mature osteocyte only a few mito» 


filled with connective tissue rich in blood 
vessels and dividing cells; this tissue is 
gradually transformed into myeloid tis* 
sue. The connective tissue surrounding a 


Inactive area Osteoblast Fibrous periosteum 



Fig. 111. An analogous section. of a six^months’ embr)©. 100 X. After Schaffer. 

chondria remain; tliese are near the growing mass of spong>' bone remains on 
nucleus. surface and gives rise to the periosteum. 

Bone which develops within the con- The osteoblasts which have remained on 
ncctive tissue has a spongy character for the surfaces of the bone during its active 
a long period. It consists of irregular development assume a fibroblast-likc ap- 
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ure becomes general, and osteoid lissue 
appears in excess, the condition }« known 
as rickets or osfcomnlocfa (p. 149), 1116 
calcibcalion of new bone is best demon* 
‘•trated in undecalcificd sections, in which 
the bone salt is positively stained. 

From this point, bone is formed by the 
osteoblasts just as in intramembranous 
bone formation. In quite the same fashion, 
the lajers of the interstitial substance be- 
come lijjcker and surround isolated osteo- 
blasts, transforming them into ostcocyles. 
The spongy endochondral bone at this 
lime consists of various sized trabeculae, 
covered by osteoblasts, uith a few osteo- 
clasts, and containing the remains of car- 
tilage matrix In their interior; the latter 
serve to difTcreJitiatc bone formed by en- 
dochondral ossification from that arising 
by the intramembranous process alone. 
The wide spaces betneen the plates are 
filled with hematopoietic bone marrow. 

Internal Ucconslrviction of Ilotic. 
Hones dcselopinp in cartilage increase 
in length by endochondral ossification 
and radially by tlie deposition of new 
periosteal bone. The process of increase 
in size is complicated by the necessity of 
weight bearing throughout the whole 
period of growth, requiring continuous 
internal reconstruction of the growing 
bones. The final result is an increase in 
strength, as >sel{ as size, of the bones, to- 
gether with the provision of the large 
cav5i>e<i lodging the bone marrow. 

With the first appearance of bone, 
wherever formed, a destructive process 
a{«o appears, generally associated with 
the presence of osteoclasis (p. 126). The 
relation of the osteoclasts to the resorp- 
tion or dis'solution of bone is uncertain. 
It is commonly believed that they produce 
a substance which dissolves the bone, bul 
there is no direct evidence to support this 
belief. Osteoclasts are usually, but not al- 
ways, seen where bone is dissolving, and 
are frequently found in deep grooves, 
lloivship's iacunae, which have the, ap- 


pearance of having been eroded in the 
bone. Or an osteoclast may surround the 
free edge of the end of a- trabecula of 
hone undergoing dissolution. The posst- 
bilily that the osteoclast has a phagocytic 
function seems to be slight; both organic 
matrix and inorganic bone salt arc re- 
sorlKrd simohancously, hut neither cellu- 
lar debris nor bone salt can be demon- 
strated in lljc osteochists, although under 
certain circumstances both appear in the 
macrophages of (he hone marrow. 

Wlicn resorption of bone ceases in a 
particular location the osteoclasts disap- 
pear, most of them bcconxmg either osteo- 
blasts or reticular cells, depending upon 
whether new' formation of bone is to fol- 
low. Osteoclasts arc but rarely seen to 
degenerate. This reconstruction of bone 
is coordinated with the existing local me- 
chanical condition®-. The direct causes de- 
termining whether adjacent cell? in a 
growing bone become either osteoblasts 
or osteoclasts are unknown. 

A greatly diminbhed rale of reconMruc- 
tion of hone, the “physiological turnover,” 
continues throughout adult life, and is as- 
sociated With the maintenance of the level 
of calcium in the plasma, fn fact, calcium 
can be made available to the blood from 
bones only by destruction of osseous tis- 
sue; simple decalcification of bone by so- 
lution of its minerals in the body fluids 
i/talistercsis) in all probability does not 
occur. When, in adult life, the skeleton is 
called upon to furnish large amounts of 
calcium, as in pregnancy, the turnover of 
bone may be greatly accelerated. If, under 
these circumstances, there is not sufficient 
calcium in the diet to calcify the new os- 
seous tissue formed, the condition knoAvn 
as osteomalacia (aduft rickets) follows. 

Formation of Haversian Systems. 
In parts of the skeleton spongy bone be- 
comes transformed into compact bone. In 
the irregular, communicating cavities of 
the spongy bone, filled with bone marrow', 
the amount of marrow between the spic- 
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down and, under favorable conditions, not a necessary step in the formation of 
begins to calcify as it is deposited, and bone, but there may he a lag in calcifica- 



Fi«'. 112. The zone of endochondral ossification in a longitudinal section through the tibia of a cat ’ 
emhr>o of 12 cm. Eosm-azure stain. 220 X. (A.A.M.) 


thus acquires the characteristics of osse- tion, even under physiological conditions, 
ous tissue, or bone. An intermediate stage owing to a local failure in the supply or 
of uncalcified osseous tissue, or osteoid, is transport of bone mineral. When this fail- 
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The externa! sliapc of tiie cartilage 
model suggests in general the future bone; 
in it a diaphj'sis, with an epiphysis at 
each end, may be distinguished very early. 
Externally the cartilage mode! is co\crcd 
by a perichondrium of closely packed, 
embryonic connective tissue cells. Bone 
formation begins within a ring-sbaped 
area surrounding the center of the diapby- 
sis. The perichondrium is called the peri* 



Fig. 114, Cross section of the second phalanx of a human middle finger stiowing replacement of 
spongy bone by compact bone llO x. After Scliaffer 


wbicb surrounds the middle of the diaphj- 
sis of the cartilage. This band is a spong) 
bone nctuorlv, through whose meshes the 
connectuc tissue of the |>eriostcum con* 
tintics in direct contact uilh the cartilage. 

Before or shortly after the bone collar 
appears, lltc cartilage tissue inside of the 
diapliysis cliangcs markedly; the cells 
sttell into vesicles and the interstitial sub- 
stance betvvcen tliem becomes thinner 


osieum as soon as it begins to form bone 
and the process is accordingly called 
“periosteal ossification,” and is of the in- 
tramembranous type (p. 134), The cells 
of the perichondrium adjoining the car- 
tilage increase in size and become osteo- 
blasts. Between them appear very thin and 
later thicker bone lamellae with bone cells 
(Fig. 115). These lamellae form a bone 
ring, the periosteal bone band or collar. 


{Fig. 115) and calcified. Through the 
spaces in the periosteal band the con- 
nective tissue of the periosteum, together 
xvith the blood vessels, penetrates the 
transformed cartilage at one or several 
places (Figs. 116 and 117). The capsules 
of the vesicular cartilage cells are quickly 
opened for a long distance {p. 137), and 
become filled with embryonic bone mar- 
row with its thin-walled blood vessels In 
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ules of bone decreases as the osteoblasts 
covering the bone produce layer after 
layer of concentric bone plates or lamel- 
lae. This process continues until all that 
remains of the former marrow cavity is a 
comparatively narro\s'' canal containing the 
blood vessels surrounded by a very little 
of the bone marrow. In this manner sys- 
tems of concentric bone lamellae, called 
primitive Haversian systems^ are formed. 

Then, at some places, the bone sub- 
stance begins to dissolve, a process which 
may include parts or all of the newly 
formed primitive Haversian systems as 
well as the periosteal bone, and which is 
associated with the presence of osteoclasts. 


Haversian canals, and in an increase in 
the compactness of the bone. 

This process of destruction and con- 
struction continues actively until the 
bones approach adult size, after which re- 
construction continues throughout life, 
but at a sharply reduced intensity. It is 
upon this reconstruction that the com- 
plicated structure of the mature compact 
substance with its Haversian and inter- 
mediate systems depends. As a bone in- 
creases in ihicloiess the periosteum and 
llie endosteum lay down successive layers 
of basic or ciVcum/erential lamellae on 
the surfaces of the bone. During recon- 
struction of the bone these lamellae also 
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Fig. 113. Diagram showing stages in ibe formation of three generations of Haversian systems, 
H', //", /, intemitial lamellae. Slightly modified after Prenant. 


Wide cylindrical cavities filled with blood 
vessels and with embryonic bone marrow 
are formed anew. Then the destruction of 
bone ceases, the activity of the osteoblasts 
Begins, and concentric systems are once 
more laid down on the walls of the cavi- 
ties. These are the Haversian systems of 
the second generation. The dissolution 
may be renewed in adjacent areas of the 
bone, to be followed by the formation of 
Haversian sj'stems of the third generation 
(Figs. 113, 114). Haversian syst«tts are 
always formed by apposition of bone on 
the inner surfaces of lamellae of bone 
surrounding blood vessels; this results in 
a progressive decrease in the size of the 


undergo destruction and replacement by 
Haversian systems. The intermediate sys- 
tems, then, include the remains of these 
lamellae, of ^vhich those of periosteal ori- 
gin contain Sharpey's fibers, and portions 
of former, partially destroyed Haversian 
systems of various generations. 

Development of Bones as a Whole. 
Most of the bones of the skeleton are first 
laid down in the embryo in hyaline car- 
tilage; this group includes all the bones 
of the thorax, the limbs, the greater part 
of the bones of the skull, and the hyoid 
bone. The ossification of these cartilage 
models proceeds typically in the long 
bones of the limbs. 
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ihis manner a cavity with irregular wall? 
is formed in the cartilage of l!ic interior 
of the diaphysis in tlic area svtrroumlcd 
by the periosteal band (Fig, lln. middle; 
Fig. nS). This constitutes tlic primary 
bone marrow cavity, filled ^\^th embryonic 
bone marrov.. Tlie periosteal collar per- 
forms an important function by bridging 


some of the cartilage cells also become 
osteoblast?. In other places osteoclasts are 
formed where the newly formed bone is 
being resorbed (Fig. 117). 

With the continued growth of cartilage 
in the epiph)8cs, the entire cartilage 
model increases in size. The mass of tlie 
|>crioftcal as well as of tlic endochondral 



Fig. 116. I’art ot a longiludmat secUon through the middle of ihc diapltysis of the femur of a 
25 mm. human eiT)br>o. Alesencfnme with vesfels entering caJcified cartilage through an opening 
in the periosfeat hone collar. Eosin'-irure stain. 560 X. {Aw\ M.> 


the gap which ivould otherwise result 
from the formation of this cavity ; it is the 
primitive shaft of the bone. Scattered be- 
tween the elements of the marrow ate 
angular remains of calcified cartilage 
Some of the cells of the embryonic mar- 
row become osteoblasts, which come in 
contact with these cartilaginous remains 
and surround them with layers of bone; 


bone in the diaphysis also grows progres- 
sively. The periosteal bone band widens 
toward the epiphyses, and is demarcated 
from the spongy endochondral bone by 
a thin refractile line. The endochondral 
bone may also be distinguished by the re- 
mains of deeply staining cartilage matrix 
within its trabeculae. At a much later 
period* in man usually during the first 




Fig. 115. Photomicrographs shoMtng se^'cral stages of bone formation in devctoping rats. All 
three figures are from formalin fixed, undecalctfied sections stained with silver nitrate to show bone 
salt (black). Upper figure is a longitudinal section through second rib of eigliieen-day rat cmbr)o; 
• . f I I ..J .» — .1... ..f .1 . 


vertebrae in twenty-day rat embryo. Ui X. W X. and bf X respectively, (bloom anu l>ioom.> 
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replaces ihc cartilage, iKc cartilage matriT 
separating the columns of cartilage cells 
Iwcoraes covered with os«coiis tissue, 
forming the mass of spongy bone called 
the metaphysis. This bone normally un* 
dergoes extensive reorganization and thin* 
ning out as ibc growth process passes it 
by; two parts of it become recognizable, 
the primary and secondary spongiosa, be- 
ing differentiated by the fact that the sec- 
ondary spongiosa has undergone recon- 
struction. As a part of ibis reconstruction 
the tips of trabeculae of tlie spongiosa arc 
continually undergoing resorption, with 
ibe result that the spongiosa tends to re- 
main constant in length. The total picture 
in ilie grow til zone, then, is that of an 
epiphyseal cartilage disc, a zone of pro- 
Ntsional calcification, witiiin wlucU car- 
tilage cells ore being opened and de- 
stroyed, and a zone of spongy bone; all 
of these zones remain «t approximately 
constant dimensions, while the shaft of 
the hone increases in length, owing to the 
fact that the proliferating structures, the 
growth apparatus, constantly grow' away 
from the dtaphjsis. 

At first the only bone formed is of the 
spongy type, of periosteal and endochon- 
dral origin. Then, the internal reconstruc- 
tion begins in the periosteal bone and 
leads to the development of compact bone. 
In the diaphysis it finally forms a very 
thick layer, which tapers gradually to- 
ward the epiphyses. Inside the central por- 
tion of the diaphysis, and extending 
toward the epiphyses an extensive disso- 
lution of bone begins, which is not com- 
l*ensated by a corresponding formation of 
new bone; in this manner the rfe/ini7»i>e 
bone marroic cavity arises. In a completed 
bone it occupies the entire diaphysis and 
continues into the spaces of the spongy 
substance toward the epiphyses. 

In short bones developing in cartilage, 
a central point of endochondral ossifica- 
tion appears and progresses from the cen- 
ter to the periphery. Tliis continues until 


only a thin cartilage layer remains. Wlicn 
the cartilage no longer regenerates and is 
completely used up, the surrounding layer 
of connective tissue becomes the perios- 
teum and begins to deposit upon the ex- 
terior of the endochondral spongy bone a 
loyer of periosteal bone of varying thick- 
ness. This later becomes compact bone. 

In flat bones which develop in cartilage 
(scapula), periosteal ossification is fol- 
lowed by cndocliondral bone formation 
)usl as in the long bones. The bones of the 
calvarium, the slides of the skull and al- 
most all of the facial lioncs develop di- 
rectly from connective tissue. In a limited 
region of this tissue a small center of 
s|>ongy bone i* formed. Its lamellae de- 
velop radially from this point of ossifica- 
tion in one place*, such a growing bone 
consists of a solid mass in its interior and 
thin, bony rays at its periphery. The 
layers of connective tissue which cover 
the surfaces difTercnlialc into periosteum 
and increase the thickness of the bone by 
apposition. The peripheral layers of the 
bone become compact substance through 
internal reconstruction. In the central 
layers, dissolution outstrips the formation 
of new bone so that in the course of time 
there is formed a spongy substance with 
very wide bone marrow spaces — diploe. 

Tlie lower jaw is an example of a spe- 
cial mode of ossification, for its model, 
although formed in the embryo of carti- 
lage {Meckel's cartilage), does not un- 
dergo ossification, but simply serves as a 
surface for the deposition of bone by con- 
nective tissue. The cartilage is later re- 
sorbed. 

Repair of Bone. Following a fracture 
there are first the usual reactions of any 
tissue to severe injury, including hemor- 
rhage and organization of the clot by ordi- 
nary granulation tissue, the pro-callus. 
The granulation tissue becomes dense con- 
nective tissue, and cartilage and fibro- 
cartilage develop within it, forming the 
fibrocartilaginous callus, which fills the 
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few years of postnatal life, ossificaiiott suits from the fact that the cartilage cells 
centers appear in the epiphyses, until continually grow away from the shaft, 
then formed of hyaline cartilage, and the being replaced by bone as they recede; 
process of endochondral ossification is the net effect is an increase in length of 
repeated in these areas. . the shaft. When proliferation of the car- 

The epiphyseal cartilage plates (see p. tilage ceases, at the end of the period of 
124) between the epiphyses and the diaph* growth, the cartilage plates or discs are 
ysis are temporary formations which entirely replaced by bone (closure of- 


Osteocyte Oateobtaat Bane Perhateum 



Fig. 117. Similar place as m Fig. 116 from the humerus of a human embryo of eight weeks. The 
process of ossification iias advanced slightly farther than in Fig. 116. Eosin-azure stain. 560 X- 

(A.A.M.) 


serve for the growth in length of the bone. 
MuItipUcation of cartilage cells, arranged 
in columns, occurs from the epiphyseal as- 
pect of the disc, removal of mature or 
• hypertrophic cells from the diaphyseal as- 
pect. Under normal conditions of growth 
these two processes balance one another, 
and the disc remains at approximately 
constant thickness. Growth in length re- 


epiphysea)^ the epiphyses unite with the 
diaphysis, and longitudinal growth of the 
bone is no longer possible (Fig. 118). 

The contribution of each of the two 
epiphyses of a long bone to its growth 
may differ markedly; growth in length of 
the femur takes place mainly at the distal 
epiphysis. 

As the growing bone advances into and 
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gap bcb'i'ccn ibe ends of the fragments. 
The new bone, ^vhich will ullimalcly unite 
the fragments, begins to form at some dis- 
tance from the fracture line, originating 
from the deeper layers of the perio«tcum 
and endosteum, and invading the fibro- 
cartilaginous callus at its periphery (Bast, 
Sullivan and Geist). It extends centrip- 
elally, replacing the tissues of the callus 
with new bone, the bony callus, which is 
calcifiable as it is laid down and, under 
favorable conditions, calcifies as it is 
formed. Ossification of the callus, tlicn, 
like intracartilaginous bone formation, is 
essentially a process of replacement of the 
earlier tissue by bone, only enough of the 
first tissue remaining to furnish a frame- 
work for the deposition of the new bone. 
Flony union of the fracture is accom- 
plished when the new spongy bone, invad- 
ing the callus from the periosteum of the 
two fragments of bone, makes contact and 
unites. Following this there is reorgan- 
ization, with resorption of excess bone, 
and internal reconstruction, resulting 
finally in bridging tbe gap with compact 
bone. The fate of the cells of the fibrocar- 
tilaginous callus needs further study. 

Ectopic Ossificnlion. In the proc- 
esses above described bone lias been 
formed from connective tissue, with the 
transformation of fibroblasts and reticu- 
lar cells Into osteoblasts, osteocytes and 
osteoclasts; the return of these cells to 
fibroblasts and reticular cells has also 
been described. All of the processes de- 
scribed have in common the fact that 
bone has developed only in connection 
with the osseous system — the skeleton. 
The influences under which ordinary con- 


nective tissue gives rise to bone in the 
embryo are but Hltle understood, but it is 
dear (hat previously undifferentiated con- 
nective tissue cells arc capable of trans- 
formation to the cells characteristic of 
bone. 

U would also appear that once cells 
have exhibited osteogenic potencies these 
potencies arc readily evoked for an inde- 
terminate period after the cells have re- 
turned to -an indilTerent morphologic 
stole. Thus in the healing of fractures, as 
described above, cells in the deepest 
layers of the periosteum and endosteum, 
under the stimulus of trauma, reassumc 
the form of osteoblasts and once again are 
aclucly engaged in osteogenesis. More- 
over, cells grown from bone in tissue cul- 
ture, and having lost ibc morphologic 
characteristics of osteoblasts, once again 
form bone when implanted into the an- 
terior chamber of the eye (Fig. 119). 

Furthermore, under certain conditions 
bone may be formed spontaneously from 
connective tissue not in association with 
the skeleton. This ectopic ossification has 
been described in such diverse locations 
as the pelvis of the kidney, in the walls of 
arteries, in the eyes, in muscles, and in 
tendons From tliis it may be inferred that 
many types of connective tissue have 
latent osteogenic potencies, which are ex- 
hibited only rarely away from tbe skeletal 
system. This conclusion is supported by 
experimental production of bone in con- 
nective tissue following ligation of the 
renal artery and vein (Sacerdolti and 
Frallin), following transplantation of 
bladder epithelium (Huggins) , and fol- 
lowing the injection of alcoholic extracts 


periosteal bone collar before the development of calcified cartilage, c, or after it, d; e, vascular 
mesenchytne has entered the calcified cartilage matrix and divided it into two zones of ossification 
/; g, blood vessels and mesenchyme enter upper epiphyseal cartilage; A. epiphyseal ossification 
center develops and grows larger; i, ossification center develops in lower epiphyseal cartilage* 
/, the lower and k, the upper epiphyseal cartilages disappear as the bone ceases to grow m length 
and the bone marrow cavity is continuous throughout the length of the bone. After the disappear. 
ance of the cartilage plates at the zones of ossification, the blood vessels of the diaphysis, metaphysis 
and epiphysis intercommunicate. 



Fig. 118. Diagram of the development of a t)pical long bone as shown m longitudinal sections. 
/We blue, cartilage; purple, calcified cartilage; blue, bone; red, arteries, a', b', d, d‘, e', are cross 
sections through the centers of a, b, c, d, e respectivel>. a, cartilage model; b, appearance of the 
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gnp between l!ie ends of the fragments. 
Tlic new bone, which will ultimately unite 
the fragments, begins to form at some dis* 
tance from the fracture line, originating 
from ilje deeper la)ers of the periosteum 
and endosteum, and invading the fibro* 
cartilaginous callus at its periphery (Ba«t, 
Sullivan and Gcisl). It extends ccnlrip* 
ctally, replacing the liesucs of the callus 
with new bone, the bony callus, whicli is 
calcifiablc as it is laid down and, under 
favorable conditions, calcifies ns it is 
formed. Ossification of the callus, then, 
like inlracartilaginous bone formation, is 
essentially a process of replacement of the 
earlier tissue hy bone, only enough of the 
first tissue remaining to furnish a frame- 
work for the deposition of the new bone. 
Bony union of the fracture is accom- 
plished when the new spongy bone, invad- 
ing the callus from the periosteum of llic 
two fragments of bone, makes contact and 
unites. Following tliis llicrc is reorgan- 
ization, with resorption of excess hone, 
and internal reconstruction, resulting 
finally in bridging the gap witli compact 
bone. The fate of the cells of the fibrocar- 
tilaginous callus needs further study. 

Ectopic Ossinc.ntinn. In the proc- 
esses above described bone has been 
formed from connective tissue, with the 
transformation of fibroblasts and reticu- 
lar cells into osteoblasts, osteocytes and 
osteoclasis; the return of these cells to 
fibroblasts and reticular cells has also 
been described. All of the processes de- 
scribed have in common the fact that 
bone has developed only in connection 
with the osseous system — the skeleton. 
The influences under which ordinary con- 


nective tissue gives rise to bone in the 
embryo arc but little understood, but it is 
clear that pretiously undifTerentialcd con- 
nective tissue cells are capable of trans- 
formation to the cells characteristic of 
bone. 

It would also appear that once cells 
have cxliibitcd osteogenic potencies these 
potencies arc readily evoked for an inde- 
terminate period after the cells have re- 
turned to -an indifferent morphologic 
state. Tlius in the healing of fractures, as 
described above, cells in the deepest 
layers of the periosteum and endosteum, 
under the stimulus of trauma, rcassumc 
the form of osteoblasts and once again arc 
actively engaged in osteogenesis. More- 
over, cells grown from bone in tissue cul- 
ture, and having lost the morphologic 
characteristics of osteoblasts, once again 
form bone when iinjilanted Into the an- 
terior ciiamber of the eye (Fig. 119). 

Furthermore, under certain conditions 
bone may be formed spontaneously from 
connective tissue not in association with 
the skeleton. This ectopic ossification has 
been described in such diverse locations 
os the pelvis of the kidney, in the walls of 
arteries, in the eyes, in muscles, and in 
tendons. From this it may be inferred that 
many types of connective tissue have 
latent osteogenic potencies, which are ex- 
hibited only rarely away from the skeletal 
system. This conclusion is supported by 
experimental production of bone in con- 
nective tissue following ligation of the 
renal artery and vein (Sacerdolti and 
Fratlin), following transplantation of 
bladder epithelium (Huggins), and fol- 
lowing the injection of alcoholic extracts 


periosteal bone collar before ibe developmcnl of calcified cartilage, c, or after it, d; e, vascular 
roesenchyme has entered the calcified ( artilage matm and divided it Into two zones of ossification, 
/, g, blood vessels and mesenchyme enler upper epiphyseal cartilage; h, epiphyseal ossification 
«nter develops and grows larger; i, ossification center develops in lower epiphyseal cartilage; 
/. the lower and k, the upper epiphyseal cartilages disappear as the bone ceases to grow in length 
and the bone marrow cavity is continuous throughout the length of the bone. After the disappear- 
ance of the cartilage plates at the zones of os^fication, the blood vessels of the diaphysis, mctaphysis 
and epiphysis intercommunicate. 
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Fig. 119. Four stages in the development of tissue cultures of bone grafted into the anterior 
chamber of the e>e. Fragments of tibiae of ti^elve-day rats were cultured in rat plasma and embryo 
extract. The outgrowths were removed from the original explant at the end of four days in vitro, and 
were transplanted to the anterior chambers of the e>es of normal rats. At the time of implantation 
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of bone into mu«cle (Levander; Anner* 
sten). In the latter case there is evidence 
(Heincn) that alcohol alone, if sufGcicntI) 
dilute to a^oid production of necrosis, fre- 
quently induces osteogenesis in muscle, 
and that it shares this ability with other 
irritating substances. 

Many allempls have been made to util- 
ize the osteogenic potencies of periosteum 
by Iransplantallon of tin? tissue to areas 
in which it is desired that new bone be 
formed. In general, jwriostcum trans- 
planted away from bone docs not form 
bone, although it has been slated that if 
small fragments of bone adherent to it arc 
transplanted with jt, osteogenesis may fol- 
low, even though the fragments of bone 
themselves undergo necrosis. Ileticular 
cells within the orbit of advancing bone, 
e.g., in the formation of medtillarv hones 
in birds {p, 151) assume the form of 
osteoblasts before they actually join in the 
process of osteogenesis. These observa- 
tions suggest that the presence of bone it- 
self may be an important aid in the elicit- 
ing of osteogenic poienocs. 

Uistopiiysiologic iletiinrke. The 
meclianism of the deposition of calcium 
in bone is still incompletely understood. 
At least two factors, local and humoral, 
are involved. Tlie humoral factor is re- 
lated to the supply of minerals in the 
fluids of the body, and to the solubilities 
of the diflicultly soluble salts of calcium 
and phosphate; it may be defined in terms 
of the concentrations of these substances 
in the blood. But the local factor, which 
determines the occurrence and specific 
localization of the deposition of bone salt, 
when adequate concentrations of calcium 
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and of phosphate are present in the blood, 
w nol underwood. 

When calcification falls in growing ani- 
mals or young children the osseous tissue 
continues to grow, but the new uncalci- 
fied, but calcifiabic tissue is known as 
osteoid. This failure of calcification to 
keep pace with growth is known as rickets, 
and is usually associated with a dimin- 
ished concentration of phosphate in the 
blood plasma. The preventive and cura- 
tive action of sitnlight and of vitamin D in 
rickets is generally attributed to increased 
al)sorption of calcium and phosphate 
from the gastro-intestina! tract. That 
rickets is not due to failure in the local 
mechanism is shown by the fact that the 
cartilage matrix of rachitic bone calcifies 
readily, cither m vivo, or in vitro, when 
the surrounding medium is supplied with 
the necessary minerals In adequate con- 
centrations tFig. 120). Phosphatase is 
present in osteoblasts, but not in osteoid 
tissue; the staining reactions of these cells 
also indicate that they arc rich in ribosc- 
nucleic acid: it is suggested that these 
substances are associated with the forma- 
tion of the bone matrix by osteoblasts, 
rather than with calcification. 

The interstitial substance of bone acts 
as a store for calcium, there being a con- 
stant inlercbange of this substance be- 
tween the blood and the bones, with the 
result that the calcium ion concentration 
in the plasma remains approximately con- 
stant Calcium, when once laid down in 
the form of bone salt, can be made avail- 
able to the blood only by destruction of 
osseous tissue, including its organic ma- 
trix. chiefly from the spongy bone near 


the outproviths contained no bone or cartilage A, Section of culture after one and one-haU days m 
the eye No carliUgc or bone. D, Section of a CHltare after two and one-half days m the eye; chondro- 
osseous tissue has developed from the callare. C, Srciron of a cuUure after six days m the eye. Much 
bone and cartilage have de\c5oped from the culture. Pnnutjve marrow h beginning to appear. D 
Section of a culture after four months m the eye A “bone’* with central fatty marrow has developed 
from the irregularly arranged bone and cartilsge of the early stages. A, D, C, Zcnker-formol 
hematoxylin-eoom-arure 11. Photomicrographs 80 X- D. Formalin fisation, silver nitratc-hcmatoxvlin 
eosin. PhoiomicrograpJi 32 x. Courtesy of J. H Heiaeft ^ 
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Fjg. 120 Tile hea<l of the tibia in expcnmenial rickets in rats. All sections from undecalcified 
hones stained with AgNOa 'von Kd«sa) to show calcification and countersiained with H and E. All 
rats weaned to experimental diet at twent)>one days. A, Normal control, age tIiirl>-one days, Bills' 
stock diet. B, Littermate of A, age thirty-one days, same diet with addltiori of 29Jt BeCOs. C, Age 
fifty-5e\en days, Bills’ stock diet with addition of l^c DeCOa, given daily mtraperitoneal injections 
of mixture of phosphates of sodium for last seven days Note calcified cartilage matrix and beginning 
healing. D, Age sixty-two days, rickets due to high calcium low phosphate diet (Sleenbock-Black). 
a. Proliferating cartilage; 6, zone of provisional calcification, c, trabeculae of primary spongiosa; 
rf, secondary spongiosa; e, bone marrow; /, hypertrophic cartilage; g, osteoid ti*sue; A, trabeculae 
calcified before onset of rickets; i. calcification preparatory to healing; k, healing with calcification 
of new bone Photomicrographs I'v X. Courtesy of F. C. McLean. 

the epiphyses of the long bones. The rate effect upon the deposition or calcification 
of the resorplive process, is regulated by of bone. 

the parathyroid hormone, which has no In birds, an entire new system of med- 
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uUary bone, produced eWefty by «n out* 
gro\'.lb {rom the endosteal lining of the 
shafts of the long bones, is formed during 
the egg-laying cycle, or may be inducc<l 
by the admin’tstralion of eifrogens, and 



osteoclasts are prominent during this re- 
sorptUc stage. Mice react to the adminis* 
tration ol estrogens in much the same 
way as do l>iids; endosteal bone forma- 
tion has tiot been reported in rats, in 



Fjg 121. The effect o{ large <5o<es of paralhyroid extract on ttie proximal epiphysis of tibia of rats, 
Tbe sections are from four members of a set^en.weeks litter. A, Normal control, with prominent 
osteoUasts; B, nine hours; C, tuenty-four hours; D, ninety-six hours after llie injeciiciti of 1000 
units of parathyroid extract B. Extensive development of osteoblasts into fibroblast-Uhe cells. C, Bone 
marrow and osteoblasts have been replaced by densely packed fibroblasts; D, the fibrous tissue has 
been replaced by newly formed bone, many of its fibroUasJs having changed into osteoblasts. 
505 X. Hematoxylin eosin-aiure II. After preparations of McLean and Bloom. 


serves to accumulate calcium to be used 
in the formation of the egg shell. When 
the egg shell is being calcified, calcium is 
made available by destruction of the med- 
ullary bone, including its organic malri,<; 


which estrogens have the effect of inhibit- 
ing the normal resorption of the spon- 
giosa during growth by endosteal ossifica- 
tion. Tilts latter effect results in a greatly 
elongated and dense spongiosa, contain- 
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ing cores of deeply stained cartilage ma- 
trix, thus resembling the findings in 
marble bone disease. 

The growth of bone is markedly influ- 
enced by the growth hormone of the an- 
terior pituitary; hypophysectomy results 
in cessation of endochondral ossification, 
administration of growth hormone re- 
initiates growth, and if continued for a 
sufficiently long time, may result in 
gigantism: The thyroid g/ands- influence 
the growth of bone, but not specifically. 

In hyperparathyroidism bone is exten- 
sively resorbed, and is replaced by fibrous 
tissue containing large numbers of osteo- 
clasts; this resembles the pathological 
picture of osteitis fibrosa {von Reckling- 
hausen’s disease) . When large doses of 
parathyroid hormone are given to ani- 
mals, changes in the bones are profound. 
Within a few hours many osteoblasts die, 
although the majority change into fibro- 
blasts or osteoclasts or become phago- 
cytic. There is widespread necrosis of the 
elements of the bone marrow and, at least 
in certain species, of the osteocytes. The 
calcium-containing trabeculae are rapidly 
resorbed and replaced by fibrous tissue. 
Salts of calcium have not been demon- 
strated within the osteoclasts, but have 
been found extracellularly as well as in 
the macrophages of the marrow. Recovery 
occurs when large numbers of osteoblasts 
develop from fibroblasts, and new bone, 
formed intramembranously, replaces the 
fibrous tissue (Fig. 121). 

In long-standing deficiency of calcium 
and of vitamin D, especially when aggra- 
vated by pregnancy, the bones of adults 
contain much uncalcified osteoid tissue, 
and their mineral content is greatly dimin- 
ished — a condition known as osteomalacia 
{adult rickets). The diminution in cal- 
cium content is due to failure of calcifica- 
tion of new bone formed in the turnover 
of this tissue, rather than to simple de- 
calcification of previously calcified bone. 
In osteomalacia, and in the form of 


rickets induced experimentally by dep- 
rivation of calcium, the parathyroid glands 
are enlarged ; they are much- less affected 
in the rickets associated with deficiency 
of phosphate. 

In osteoporosis, a term generally under- 
stood to mean an increase in the relative 
size of the Haversian canals with a cor- 
responding decrease in the mass of the 
compact bone substance, the total mineral 
content of the bones is diminished; it has 
not been shown that the mineral con- 
tent of the bone substance itself is less- 
ened in this condition, which 'occurs in 
elderly people, and more especially in 
women after the menopause. In Paget’s 
disease, little understood, the bones are 
both thickened and softened, resorption 
and apposition of bone occurring simul- 
taneously. In this condition the blood 
calcium and the parathyroid glands are 
normal. 

Deficiency of vitamin C leads to pro- 
found changes in tissues of mesenchymal 
origin, producing the condition kno\vn as 
scurvy {scorbutus) , which has been char- 
acterized as an inability of the supporting 
tissue to produce and maintain inter- 
cellular substance. In bone this results in 
destruction of the collagen of the matrix, 
with extensive reparative proliferation of 
fibroblasts. Deficiency of vitamin A re- 
sults in a diminution in the rate of growth 
of the skeleton, without a corresponding 
retardation of growth of the central nerv- 
ous system; the resulting damage' to the 
central nervous system is regarded as 
mechanical, owing chiefly to the discrep- 
ancy in the relative sizes of the spinal 
cord and the vertebrae. Excessive admin- 
istration of vitamin A accelerates re- 
modelling of bone (Wolbach). 

JOINTS AND SYNOVIAL MERIBRANES 

Bones are joined to one another by con- 
nective tissue structures which permit 
varying degrees of movement between the 
adjoining bones. Such structures are 
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called joints ot atltculalions. These pre- 
sent extreme variations in cliarat^er 
which depend primarily upon the type e£ 
bones which are joined and the varying 
degrees of motion permitted by the articu- 
lation. Thus, in some cases, as in the skull, 
the joints arc immovable, and the con- 
nected bones are separated* only by a very 
thin connective tissue layer, the sutural 
ligament. Other joints arc slightly mov- 
able, as the intervertebral articulations 
Here the succeeding vertehrae arc joined 
to one another by den«o fibrous tisMte and 
cartilage. Still other bones arc freely mov- 
able upon one another and here the bone^ 
arc completely separated by cartilage and 
fibrous capsules. 


sionally, small amounts of cartilage and 
all transitions Itctween the cartilage cells 
and the joint or synovial cells can he 
found. 

The articular surface of the bones is 
covered with hyaline cartilage. Where the 
opposing cartilage.^ touch, they arc not 
covered with dense connective tissue, but 
at ibeir bases a small area of perichon- 
drium is rcfieclcd bncfcuard into tJie mem- 
brane of the joint capsule. At this point 
there are many cartilage cells extending 
into the synovial membrane. As is true of 
most of the cartilage of the body, the 
articular cartilages contain no blood ves- 
sels; H is generally believed they arc 
nourished by osmosis from the surround- 





Fjg. 122. Hip joint of roan; the synovbl membrane has relatively few cells; between them are 
collagenous fibers, f:, Celt lying free on tlie surface; o, swolten cellular process on the surface; 
fa, processes projecting freely al»>ie the surface. After Hammar, 


Joints in ivhich tljere is little or no 
movement are called synarthroses. There 
are three types of these; If the connection 
between the bones is of bone, it is a synos- 
tosis; if of cartilage, a synchondrosis, 
and if of connective tissue, a syndesmosis 
Joints which permit free movement of the 
bones are called diarthrose:. 

In the diarthrodiai joints there is a cav- 
ity. Became this was thought by some to 
have a continuous lining of fiatt«ied, 
epithelium-like cells, the tissue was called 
“mesenchymal epithelium ” However, the 
walls of the joint cavities are composed 
of a dense connective tissue whose cells 
are irregularly distributed and seldom 
suggest ejAtbelium in arrangement. Occa- 


ing tissues. The articular cartilages are 
intimately adherent to a layer of compact 
bone which lacks Haversian systems and 
lias quite huge lacunae, said to be free of 
canalicules 

Most of the joint capsules are composed 
of two fairly distinct layers. The external 
consists of dense fibrous tissue and is 
called the fibrous layer. The inner is the 
synovial layer which is more cellular and 
is thought to secrete the viscid, colorless 
liquid of the joint cavity. However, the 
joint membrane exhibits many variations 
in structure. The synovial layer is some- 
times thrown into marked folds which 
may project for surprising distances into 
the cavity. The larger of tliese folds fre- 
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ing cores of deeply stained cartilage ma* 
trix, thus resembling the findings in 
marble hone disease. 

The growth of bone is markedly influ- 
enced by the growth hormone of the an- 
terior pituitary; hypophysectomy results 
in cessation of endochondral ossification, 
administration of growth hormone re- 
initiates growth, and if continued for a 
sufficiently long time, may result in 
gigantism: The thyroid gfandi- influence 
the growth of bone, but not specifically. 

In hyperparathyroidism bone is exten- 
sively resorbed, and is replaced by fibrous 
tissue containing large numbers of osteo- 
clasts; this resembles the pathological 
picture of osteitis fibrosa {von Reckling- 
hausen's disease ) . When large doses of 
parathyroid hormone are given to ani- 
mals, changes in the bones are profound. 
Within a few hours many osteoblasts die, 
although the majority change into fibro- 
blasts or osteoclasts or become phago- 
cytic. There is widespread necrosis of the 
elements of the bone marrow and, at least 
in certain species, of the osteocytes. Tlie 
calcium-containing trabeculae are rapidly 
resorbed and replaced by fibrous tissue. 
Salts of calcium have not been demon- 
strated within the osteoclasts, but have 
been found extracellularly as well as in 
the macrophages of the marrow. Recovery 
occurs when large numbers of osteoblasts 
develop from fibroblasts, and new bone, 
formed intramembranously, replaces the 
fibrous tissue (Fig. 121). 

In long-standing deficiency of calcium 
and of vitamin D, especially when aggra- 
vated by pregnancy, the bones of adults 
contain much uncalcified osteoid tissue, 
and their mineral content is greatly dimin- 
ished — a condition known as osteomalacia 
{adult rickets). The diminution in cal- 
cium content is due to failure of calcifica- 
tion of new bone formed in the turnover 
of this tissue, rather than to simple de- 
calcification of previously calcified bone. 
In osteomalacia, and in the form of 


rickets induced experimentally by dep- 
rivation of calcium, the parathyroid glands 
are enlarged; they are much less affected 
in the rickets associated with deficiency 
of phosphate. 

In osteoporosis, a term generally under- 
stood to mean an increase in the relative 
size of the Haversian canals with a cor- 
responding decrease in the mass of the 
compact bone substance, the total mineral 
content of the bones is diminished; it has 
not been shown that the mineral con- 
tent of the bone substance itself is less- 
ened in tbis condition, which 'occurs in 
elderly people, and more especially in 
women after the menopause. In Paget's 
disease, little understood, the bones are 
both thickened and softened, resorption 
and apposition of bone occurring simul- 
taneously. In tbis condition the blood 
calcium and the parathyroid glands are 
normal. 

Deficiency of vitamin C leads to pro- 
found ciianges in tissues of mesenchymal 
origin, producing the condition kno^vn as 
scurvy {scorbutus) , which has been char- 
acterized as an inability of the supporting 
tissue to produce and maintain inter- 
cellular substance. In bone this results in 
destruction of the collagen of the matrix, 
with extensive reparative proliferation of 
fibroblasts. Deficiency of vitamin A re- 
sults in a diminution in the rate of growth 
of the skeleton, without a corresponding 
retardation of growth of the central nerv- 
ous system; the resulting damage* to the 
central nervous system is regarded as 
mechanical, owing chiefly to the discrep- 
ancy in the relative sizes of the spinal 
cord and the vertebrae. Excessive admin- 
istration of vitamin A accelerates re- 
modelling of bone (Wolbach). 

JOINTS AND SYNOVIAL MEMBRANES 
Bones are joined to one another by con- 
nective tissue structures which permit 
varying degrees of movement between the 
adjoining bones. Such structures are 
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casionally contain one or two vacuoles. 
There are no vacuoles within them which 
slain with neutral red. Mitochondria and 
a Golgi net have been demonstrated in 
them. 

Folds of the synovial membrane may 
be either temporary formations which dc* 
pend on the position of the joint, or they 
may form permanent xnlli which project 
into the joint ca\ily. Some of these vilU 
have a broad base and a rather short 
stalk, while others may be quite thin and 
long. The larger folds contain blood ves- 
sels, lymphatics, and occasionally lobules 
of adipose tissue. Tlierc is an increase in 
the size and number of the villi with age. 
Ne\s’ islets of cartilage are formed in 
them, mainly by metaplasia of the syno- 
vial fibroblasts. 

Blood >e8«eU probably do not He free on the 
«urface of the synovial membrane. Tliere arc 
two plexuses of lymphatics, as a rule, wldiin the 
synovial membranes, a superficial and a deep 
plexus The nerves which accompany the blood 
vessels end in the layer beneath the surface in 
terminal arborizations or end bulbs or plates. 
Pacinian corpuscles are always present. 

When injured, the synovial membrane reacts 
as any other connective tissue by the forma- 
tion ot granulation tissue, and alter some weeks 
may be completely regenerated. The synovial 
fluid is normally small in amount and seems to 
be a dialysate of blood to which have been added 
small amounts of mucin and a very few ceils, 
chiefly lymphocytes, monocytes and macrophages. 

REFERENCES 

Bast, T. H., Sullivan, W, E , and Grist, F. D.; 
The Repair of Bone, Amer. J, Anat , (31), 255, 
1925. 

Bauer, W., Ropes, M. W., and Waine, H.; The 
- Physiology of Articular Structures, Physiol. 
Rev.. (20), 272, 1940 

Bloom, W., Bloom, M. A., and McLean, F. (X: 
Calcification and Ossification. Medullary Bone 
Changes in the Reproductive Cycle of Female 
Pigeons. Anat. Rec.. (81), 443, 1941 
Bloom, W., Curtis, H. J., and McLean, F. C.: 
The Deposition of C** in Bone, Science, (105), 
45, 1947. 

DantschakofT, W.j tJber die Enlvvicklung des 
Knochenmarks Lei den Vogeln und Sber dessen 


Verhnderungen hei Blutentziehungen und 
Emiihrungsstiirungen. Arch. mikrosk.-Anal., 
(71), Bol, 1909. 

Dodd«, C. S.: 0»teocIasts and Cartilage Removal* 
in Endocliondral Ossification of Certain Mam- 
mals, Amer. Jour. .\nat , (50), 97, 1932. 

Fell, Honor B., and Robison, Robert: The De- 
velopment and Phosphatase Activity in Vivo 
and in Vitro of the Mandibular Skeletal Tis- 
sue of the Embryonic Fowl,Tiie Biochem. Jour., 
(24). 1905. 1930. 

Fell, Honor B.: ©‘teogenesis in Vitro, Archiv. f. 
exper. Zellforsch.. (11), 245. 1931. 

Gebhardt, F.; Ueher fimlvtionell wichtigen Anord- 
nungsweise der grbbere und feineren Raiiele- 
mente des Wirbellierknochens, Arch. f. Enl- 
wick., (11. 12. 20), 1901. 1906. 

Ciblin, N., and Alley, A.: Studies in Skull 
Growth. Coronal Suture Fixation, Anat. Rec., 
(88), 143, 1944. 

Gliicksmann, Studies on Bone Mechanics in 
Vitro. 11. Tlie Role of Tension and Pressure in 
Cliondrogcncsis, Anal. Rec., (73), 39, 1939. 

Ham. A. W.; Cartilage and Bone. Special Cytol- 
ogy (0>wdr> ) , 2nil ed., New York, 981, 1932. 

Huggins, C.: The Composition of Bone and the 
Function of llie Bone Cell, Physiol. Rev., (17), 
119, 1937. 

Key. J. Albert: The Synovial Membrane of Joints 
and Bursae. In Owdry's Special Cytology, 
2d ed.. New York. (2). 1053, 1932. 

Kirby Smith, Henry T.; Bone Growth Studies. 

A Miniature Bone Fracture Observed Micro- 
scopically in 3 Transparent Chamber Intro- 
duced m the Rabbit’s Ear, Amer. Jour. Anat., 
(53), 337, 1933. 

Lacroix, P.: On the Origin of the Diaphysls, 
Anal. Rec.. (92), 433, 1945. 

Maximow, A.: Untersuchungen iiber Blut und 
Bmdegewebe. 111. Die embryonale Histogenese 
dea Knoebenmarks dcr Saugeliere, Arch. f. 
mikr.-Anat., (76), 1, 1910. 

McLean, F. C,, and W. Bloom: Calcification and 
Ossification. Calcification in Normal Growing 
Bone, Anat. Bee., (78) , 333, 1940. 

Murray, P. D. F.: Bones. A Study of the De- 
velopment and Structure of the Vertebrate 
Skeleton, Cambridge, 1936. 

Petersen, H.: Die Organe des Skeletsystems. In 
T. MoHendorfl's Handbuch der mikroskopischen 
Analomie des Menschen, Berlin, (2), Pt. 2, 
521. 1930. 

Ruth. E. B : Bone Studies. I. Fibrillar Structure 
of Adult Human Bone, Am. J. Anat., (80), 35, 
1917. 

Sigurdson, L. A.: The Structure and Function 



154 


TEXTBOOK OF HISTOLOGY 


quently contain vessels. In oilier cases the 
two layers appear fused, or the synovial 
layer may rest directly on muscle or fally 



Fig. 123. End of a brandling villus: A!, Tltlcber 
portion of the villus, uliere many of tlie cells are 
of epithelioid appearance and ilieir processes (a) 
are more superficial than tiie ceil bodies; b, less 
cellular connecthe tissue cord; ,YA‘ and XXX 
ate small, secondary villi with branching cells; 
/, wartlike protuberance of the surface containing 
a cell process. After Hammar 

tissue or periosteum. It has been sog- 
gesled that the s)Tiovia be classified ac- 
cording to the tissues on which they lie. 


parls of the joints which are not subjected 
to strain or pressure. As a rule they have 
a definite surface layer, separated from 
the underlj'ing tissue of the joint by loose 
connective tissue. The surface layer con- 
sists of collagenous fibers interspersed 
with fibroblasts whose processes may ex- 
tend for long 'distances, although some- 
times the cells are rounded. The fibro- 
blasts do not form a complete covering 
for the interstitial collagenous substance; 
those cells on the surface have unusually 
long processes, nie collagenous fibers are 
either irregularly arranged or they may 
be oriented along the main lines of stress. 
In addition to the fibroblasts, there are a 
few macrophages,’ leukocytes, and IjTn- 
phoid u-andering cells. In addition to 
blood vessels the loose connective tissue 
contains many J}Tnphatics. 

The fibrous synovial membrane covers 
the interarticular ligaments and tendons 
and lines those parts of the joints which 
are subject to strain. It consists of dense 
connective tissue; the surface zone is 
slightly more cellular than the rest. Some 
of the fibroblasts have capsules. When un- 
usual pressure is applied to the synovial 
membrane, fibrocartilage develops. 

The adipose type of synovial membrane 
covers the fat pads which project into the 
joint cavities. The synovial membrane in 
this case usually consists of a single layer 



Fig. j24. Free surface of a ibin synovial fold from which villi prolrudfe: v. Small budlike villus 
without cells; b, superficial conneclne tissue, which is not coiered by cells at b^i e, cells arranged 
in an epilheliaflike fashion, from which processes (a) arise. After Hammar. 


that is, loose connective, dense fibrous, of cells resting on a thin layer of connee- 
or adipose tissue. , tissue. 

Synovial membranes which rest on The fibroblasts of the synovial, mem- 
loose connective tissue usually cover those brane rarely show mitoses. Tliey may oc- 
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MUSGULA.R TISSUE 


The muscular tissue performs mechanical 
\\ork by contracting, that is, by a shorten- 
ing and thickening of its constituents. The 
contracting muscle cells regulate the posi- 
tion and movements of the various parts 
of the body with respect to one another. 
In the hollow viscera, ducts, and blood 
vascular system, the muscles propel the 
body liquids and excretions from place 
to place. Muscle cells are always elongated 
in the direction of the contraction and arc 
usually grouped into bundles which some- 
times reach a considerable length. 

The \ertebrates have two distinct types 
of muscle: smooth muscle and striated 
muscle, connected by many intermediate 
forms. As a rule, smooili muscles contract 
independently of voluntary control while 
the striated muscles are subject to volun- 
tary control. Cardiac muscle, although 
striated, is involuntary and contracts auto- 
matically and rhythmically. 

SMOOTH SIUSCULAR TISSUE 

Smooth muscle shows a very close rela- 
tionship to the ordinary connective tissue 
and is found primarily in the internal 
organs. In man it forms the contractile 
portions of the wall of the digestive tract 
from the middle of the esophagus to the 
internal sphincter of the anus, of the ducts 
of the glands connected with the intestine, 
of the respiratory passages from the 
trachea to the alveolar ducts, and of the 
urinary and genital ducts. The walls of 
the arteries and veins and some of the 
larger lymphatics also consist to a consid- 
erable extent of smooth muscle. It is scat- 
tered in varying amounts in the connec- 


tive tissue of the skin, in the capsule and 
trabeculae of the spleen, and in the con- 
nective tissue of certain sensory organs as 
the eye. Peculiar smooth muscle cells are 
often closely connected with the epithelial 
tissue of the dermal and salivary glands 
(seep. 291). 

Smooth Muscle Cells or Fibers. 
When a bit of fresh smooth muscle is ex- 
amined under the microscope, the muscle 
cells (i.c., fibers) appear as long, spindle- 
shaped bodies wliich are thickened in the 
middle and become narrow toward their 
pointed ends (Fig. 123). Occasionally, 
the cells are branched or star-shaped. As 
they adjust themselves to the spaces avail- 
able to them, their external form depends 
to some degree upon the surrounding ele- 
ments. 

The smooth cells may reach a length 
of 0.5 mm. in the pregnant human uterus, 
while their average length in the intestine 
of man is 0.2 mm. with a thickness of 6 p.. 
The smallest smooth muscle cells occur in 
the small blood vessels where they are 15 
lo 20 p in length. 

The nucleus, as seen in cross sections, 
is slightly eccentric and occupies the mid- 
dle, widest portion of the cell body. It is 
elongated in the long axis of the cell and 
has an aval nr r.v lindrical fo rm with 
pointed or rounded ends. It contains sev- 
eral nucleoli and a pale chromatin net 
which lies along the internal surface of the 
nuclear membrane. During the contraction 
of the cell the nucleus becomes folded on 
its lateral surface or markedly twisted. In 
general, the size of the nucleus increases 
with the size of the cell. Close to the nu- 
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associated that sarcoplasm cannot be no- 
ticed bet\\een them. Mitochondria, a 
Golgi net, and sometimes glycogen gran- 
ules have been described in the sarco- 
plasm. 

Contact of Smooth IMiieclc CcIla 
with One Aiiotlier. In many places in 
the body, but particularly in the skin, 
smooth muscle fibers arc scattered singly 
or in small groups in the ordinary con- 
necth e tissue. Here they are closely 
welded to the collagenous bundles and 
are often surrounded by thin clastic 
fibers. During contraction they throw the 
tissue into fine folds and wrinkles; this 
can be well seen in the skin of the mam- 
mary papillae or the scrotum. Sometimes 
se%eral parallel fibers unite to form a 
small cylindrical bundle (that is, a mus- 
cle) uhose ends are covered by elastic 
fibers. An example is the smooth muscles 
connected with the hairs. 

In other cases the smooth muscle fibers 
are arranged parallel to one another in 
one plane where they form a layer of 
varying thickness, as in small arteries. 
Here, because of the small lumen, each 
fiber has to bend sharply in order to sur- 
round the vessel. In the walls of certain 
large hollow organs, as the intestine, blad- 
der, and uterus, the smooth muscle cells 
are arranged in layers or bundles. The 
direction of the fibers is the same in each 
layer, while it varies in different layers or 
bundles. Thus, in the intestine the inter- 
nal layer of the muscularis externa con- 
sists of circularly arranged fibers iorming 
a close spiral, while the external layer is 
composed of longitudinally arranged 
fibers forming a long spiral (Carey). (See 
Fig. 127 and Chapter XIX.) 

The cells are so arranged that the thick 
middle portion of one cell is opposite the 
thin ends of adjacent cells. Consequently, 
in cross sections through a smooth muscle 
bundle, some oi the cells have nuclei in 
the plane of the section and some do noL 

The connective tissue fibers outside of 


the muscle cells continue into the spaces 
between them and bind them into the 
bundles. Between the thicker bundles and 
layers of smooth muscles, loose connec- 
tive tissue is present in small amounts. It 
contains fibroblasts and wandering cells, 
collagenous and elastic fibers, a thick net- 
work of blood vessels and nerves. Bui 


c 



Fig. 127. Longitudinal seclion of a part of the 
muscularis extema of tlie intestine of a dog; ex- 
ternal longitudinal la)er (below), cross section 
of internal layer (above) ; and c, blood capil- 
laries. 530 X. (A.AM.) 

connective tissue cells do not occur in the 
narrow slitlike spaces between the indi- 
vidual smooth muscle cells; here there are 
only a few thin, collagenous bundles and 
dense networks of reticular and elastic 
fibers. 

• The reticular fibers branch irregularly 
and pass longitudinally and transversely 
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cleus, in a small indentation o£ its mem* 
brane, is a di'plosome without an attrac* 
lion sphere. 

Smooth muscle cells do not possess o 
distinct membrane which corresponds 
with the sarcoiemma of the striated mus* 
cles (p. 000). The cytoplasm of smooth 
muscle cells in the living condition and 
sometimes after fixation and staining ap* 



Fig. 125. Isolated smootli muscle tells from the 
wall of the stomach of a cat. 220 X. (A.A.M.) 

pears to be quite homogeneous. But some 
threads, the myofibrils, can always be 
made visible by maceration in nitric or 
trichloracetic acid. After this treatment 
the individual fibrils separate and be- 
come visible as parallel threads running 
the length of the cell (Fig. 126). 

The fibrils are quite homogeneous and 
differ from those of the striated muscle 


fibers in that they do not have the alter- 
nating sections characteristic of the lat- 
ter. Accordingly, the muscle cells which 
contain homogeneous fibrils are called 
smooth muscle cells. The fibrils are 
doubly refraclile. The border or external 
^6rf£s are coarse and thick and stain 
deeply; they are located inside the periph- 
eral layers of tljc cell. In a cross sec- 
tion through a smooth muscle cell, they 
appear as sharply stained dots near the 
edge of the cytoplasm. The internal fibrils 



Fip. 126. Smooth muscle celU of the iniesune 
of Triton the myofibrils are sery dis- 

tinct Diondi staio. H30 X- After Levi- 

are thinner, measuring 0.3 ft. The number 
of fibrils in the smooth muscle cell 
varies and in some cases the border fibrils 
may be very few in number or absent. 

It is generally believed that the fibrils 
represent the contractile elements of the 
smooth muscle cell. The myosin of smooth 
muscle is similar to that of striated mus- 
cle (Fischer). The substance between the 
fibrils is called sarcoplasm; it usually 
accumulates in small amounts at both 
ends of the nucleus. Most of the cell body 
is occupied by fibrils which are so closely 
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myoblasts %vhlch lie against tlie endothelium, 
come in contact with one another, and a continu- 
ous la)er of smoolli muscle is produced. 

The reticular fibers between the muscle Cells 
are probably produced by the same cells which 
become muscle fibers. H this is true, then the 
developing gmootii muscle cells function as both 
myoblasts and fibroblasts. The smooth mu«c!e 
elements (m>o-epilhelial cells, p. 291) in certain 
glands arise from the same epithelium from which 
the glandular elements arise. 

According to one author, some of the new 
smooth muscle cells which develop in the uterus 
during pregnancy arise from the undifferentiated 
connective tissue cells already present in this 
tissue as well as from lymphocytes which wander 
into the myometrium in the early stages of gesta- 
tion. This conclusion is denied by other imesliga- 
tors who studied the changes in the virgin rabbit 
uterus after injection of the female sex hormone. 
They concluded that the hypertrophy of the 
smooth muscle in these experiments was due to 
mitotic proViteration of tlie smooth muscle cells. 

In the vicinity of injured regions in the walls 
of the intestine or stomach, mitosis has been oh- 
served in the smooth muscle cells. But this ca- 
pacity for regeneration is small and, as a rule, 
great defects in the smooth muscle tissue heal by 
scar formation. Mitoses have been described in 
the muscle cells of the nonpregnant human uterus. 
Wliether smooth muscle cells in the adult organ- 
ism may be formed anew from fibroblasts has not 
been established; it is practically certain that 
they may develop from the perivascular em- 
bryonic cells of the adult (p, 61) . 

STRIATED MUSCUIw\R TISSUE 
The Muscle Fibers, The muscles »l- 
tached to the skeleton of mammals consist 
of striated muscular tissue. In a leased 
preparation of fresh striated muscle, the 
tissue appears to consist of long cylindri- 
cal muscle fibers. These are large multi- 
nucleated cells. As a result of teasing, only 
torn and broken sections of the fibers arc 
seen and the normal ends of the fibers are 
seldom found. However, when their un- 
damaged ends are seen, the gradual taper- 
ing of the fibers toward a point is clearly 
visible. In other cases the end of the fiber 
appears rounded or notched; such ap- 
pearances are particularly frequent at the 
union of the muscle with a tendon. 

Although the fibers are usually very 


close to one another, they are entirely 
independent. Occasional anastomoses have 
been described between them. In non- 
tapering muscles like the sartorius the 
fibers apparently continue without inter- 
ruption through the entire muscle so that 
their length is equal to that of tlie muscle 
(Lockhart and Brandi). It is generally 
believed that in most muscles the fibers 
are usually shorter than the muscle; in 
this case one end may be connected with 
a tendon while the other end terminates 
among other fibers, or both ends may be 



Fig. ISO, Two striated muscle fibers of man, in 
a leased preparation, with stained nuclei. The 
upper fiber is crushed in its middle and here 
the sarcolemma is seen. Between the fibers are 
several spindle shaped connective tissue cells. 
250 X. (A.A.M.) 

free in the muscle. This statement should 
be subjected to further investigation. The 
thickness of the fibers fluctuates from 10 
to 100 n or more; apparently it depends 
not on the length of the fiber, but on the 
..Jtype of animal and the particular muscle. 
In a given animal the more primitive 
muscles, as those of the eye, are thinner. 
Fibers of varying caliber may be found 
in the same muscle. The thickness of the 
fibers increases with the age of the or- 
ganism as well as under the influence of 
strenuous muscular activity. 

Even in teased preparations of fresh 
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between the bodies of the smooth musclo 
cells. They can be stained with Mallory’s 



Fig. 128. Cross section tlirough smooth muscle 
from human intestine, stained with liemaloxylin 
and the Bielschowsky siher method for reticular 
hhers. The latter form continuous networks about 
each of the muscle cells. Note how few' of the 
cells have their nuclei in the plane of the section. 
1875 X> Dwivn by Miss E. Dohiman. 

aniline blue metliod and still more sharply 
with the silver impregnation methods. 


it hears with elastic fibers. This is so ex- 
tensive that some authors consider them 
as forming a “myo-elastic” tissue. These 
elastic fibers are continuous with those of 
the surrounding loose connective tissue. 

In smooth muscles, the pull of each con- 
tracting cell is first transmitted to the sur- 
rounding sheath of reticular fibers which 
continue directly into those of the sur- 
rounding connective tissue. This arrange- 
ment permits the force of the contraction 
of the entire layer of the smooth muscle 
to be uniformly transmitted to the sur- 
rounding parts, as in the narrowing of the 
lumen of blood vessels or in peristalsis of 
the intestine. 

Ilistogchcsis ant! Regeneration of Smooth 
Muscle. Smooth muscle cells arise from the mes- 
enchyme. In those places where a layer of smooth 
muscle will later de\elop, the mesenchymal cells 
begin to stretch out, the nuclei become elongated, 
and thick fibrils appear in the cytoplasm. They 
probably do not develop from the mitochondria. 
The thick myofibrils, at least in the beginning, ap- 
parently run continuously through o whole series 
of cells; later they split into thin myofibrils. 
In blood vessels, which at first consist only of 



Fig. 129. Longitudinal section through smooth muscle of human intestine, stained with hematoxylin 
and the Bielschowsky silver method for reticular fibers. 1875 X- Drawn by Miss E. Bohlman. 


They form a regular system of supporting 
and binding material which forms a 
sheath about each muscle cell (Fig. 128). 
A characteristic of smooth muscle oil 
over the body is the intimate association 


endothelium, the muscle cells are formed as fol- 
lows: Mobile mesenchyme cells become arranged 
at regular intervals along the outside of the en- 
dothelial tube. They stretch out transversely, 
multiply by mitosis and then produce m)ofibriIs 
within their cytoplasm. Then tlie edges of these 
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myoblasts A»hich lie against the endothelium, 
come in contact with one another, and a continu- 
ous layer of smooth muscle is produced. 

The reticular fibers belneen the muscle cells 
ore probably produced by the same cells which 
become muscle fibers. If this is true, then the 
developing smooth muscle cells function as both 
myoblasts and fibroblaMs. The smooth muscle 
elements (myo-epilhelial cells, p. 291) in certain 
glands arise from the same epithelium from which 
the glandular elements arise. 

According to one author, some of the new 
smooth muscle cells ^^hicll develop in the uterus 
during pregnancy ari«e from tiic undiflercntiated 
connective tissue cells already present in this 
tissue as well as from lymphocytes which wander 
into the myometrium in the early stapes of gesta- 
tion This conclusion is denied hy other inveslipj- 
tors who studied the changes in the virgin rabbit 
uterus after injection of the female set hormone. 
They concluded that the hypertrophy of the 
smooth muscle in these experiments was due to 
mitotic proliferation of the smooth muscle cells. 

In the vicinity of injured regions in the walls 
of the intestine or stomach, mitosis has been ob- 
sened in the smooth mu«cle cells. Out tins ca- 
pacity for regeneration is small and, as a rule, 
great defects in tlie smooth muscle tissue heal by 
scar formation. Mitoses have been described in 
the muscle cells of the nonprepnant human uterus. 
Whether smooth muscle cells in the adult organ- 
ism may he formed anew from fibroblasts has not 
been established; it is practically certain that 
they may develop from the perivascular em- 
bryonic cells of the adult (p. 61). 

STRIATED MUSCUI^R TISSUE 
The Muscle Fibers. The muscles at- 
tached to the skeleton of mammals consist 
of striated muscular tissue. In a teased 
preparation of fresh striated muscle, the 
tissue appears to consist of long cylindri- 
cal muscle fibers. These are large multi- 
nucleated cells. As a result of teasing, only 
torn and broken sections of ibe fibers are 
seen and the norrnal ends of the fibers are 
seldom found. However, when their un- 
damaged ends are seen, the gradual taper- 
ing of the fibers toward a point is clearly 
visible. In other cases the end of the fiber 
appears rounded or notched; such ap- 
pearances are particularly frequent at the 
Union of the muscle with a tendon. 

Although the fibers are usually very 


close to one another, they are entirely 
independent. Occasional anastomoses have 
been described between them. In non- 
tapering muscles like the sartorius the 
fibers apparently continue without inter- 
ruption througli the entire muscle so that 
their length is equal to that of the muscle 
(Lockhart and Brandt). It is generally 
believed that in most muscles the fibers 
arc usually shorter than the muscle; in 
this ease one end may be connected with 
a tendon while the other end terminates 
among other fibers, or both ends may be 




Fig. 130. Two striated muscle fibers of man, in 
a teased preparation, v\itli stained nuclei. The 
upper filter is crushed in its middle and here 
the sarcolemma is seen. Between the fibers are 
several spindle-sbaped connective tissue cells. 
250 X. (A.A.M.) 

free in the muscle. This statement should 
be subjected to further investigation. The 
thickness of the fibers fluctuates from 10 
to 100 fi or more; apparently it depends 
not on the length of the fiber, but on the 
jvtype of animal and the particular muscle. 
In a given animal the more primitive 
muscles, as those of the eye, are thinner. 
Fibers of varying caliber may be found 
in the same muscle. The thickness of the 
fibers increases with the age of the or- 
ganism as well as under the infiuence of 
strenuous muscular activity. 

Even in teased preparations of fresh 
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muscle, tKe complex and peculiar struc- 
ture of the striated fibers is seen readily. 
They are covered with a thin (1 fi) struc- 
tureless membrane, the sarcolemma. In 
uninjured regions it is invisible as it 
closely adjoins the substance of the fibers. 
But in those places where the fiber has 
been torn or crushed, the sarcolemma 
appears as a transparent film (Fig. 130). 

The freshly teased fiber is usually 
slightly yellow and striated in both the 
longitudinal and transverse directions. 
The distinct and regular cross strialion is 
obvious in the living cell. From its pres- 
ence the tissue has received the name of 
striated muscle. These striations depend 


with the large size of the fibers (Fig. 
130). 

The chief solid mass of the muscle fibers con- 
sisU of various albuminous substances of which 
the moat important are myosin and myogen. Stri- 
ated muscle contains more myogen and less 
myosin and one tenth as much nucleoprotein as 
smooth muscle. The fibers also contain carbo- 
hydrates, fats, lipoids, and a pigment myoglobin 
which is closely related to hemoglobin. Cyto- 
clirome, which consists of several hemochro- 
mogens, is also present. The fibers contain vari- 
ous metabolic intermediaries such as lactic acid, 
crealin-phospliate, bexosephospbate. 

Sarcolcmmn* The sarcolemma is a 
thin (1 fi), structureless membrane, 
which completely invests the fiber and fob 



Fig. 131. The separation of a muscle fiber of a rabbit into fibrils after treatment with nitric acid. 
One nucleus is seen within a spindle-shaped accumulation of sarcoplasm. 530 X> (A.A.M.) 


on the fact that the fibers consist of two 
parts: (1) a protoplasmic mass, the jcrco- 
plasm, and (2) very thin cross-striated 
fibrils, myofibrils, which are present in 
large numbers parallel to one another in 
the sarcoplasm. 

The transverse striation is believed to 
depend on the fact that each myofibril 
consists of disks or sections which alter- 

f nate regularly along its length. The corre- 
sponding disks of adjacent fibrils are usu- 
\ ally arranged at the same level in the fiber 
' and cause the regular, transverse striation 
^ of the fiber. 

The nuclei are seen in a fresh prepara- 
tion of striated fibers, particularly after 
staining. Their great number corresponds 


lows its changes in form during contrac- 
tion. Some authors regard it as a product 
of the cytoplasm of the muscle cell, a view 
substantiated by Speidel’s study of re- 
generating muscle as seen in living tad- 
poles, while others consider it a product 
of the connective tissue surrounding the 
muscle fibers. Several authors have de- 
scribed a fibrillar structure in it, which 
they compare with the basement mem- 
brane. The chemical reactions of the sar- 
colemma differ, however, from those of 
collagen and elastin. 

Myofibrils. In longitudinal sections 
through muscle fibers or in preparations 
where they have separated into individual 
fibrib, the latter appear as long, parallel 
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threads {Fig. l^l)^ which do not branch. 
The thickness of the fibrils fluctuates, but 
they arc not larger than 1 to 2 in ordi- 
nary preparations, and some authors have 
given 0.2 ft, as the lower limit. 

Hall, Jakos and Schmitt found that in 


lines for indefinite lengtlis in the fibrils. 



^ H 


Fig. 132, Sectinn of striated muscle showing 
the anisotropic and isotropic disks, tlie fatter bi- 
sected by the thin s lines. A is from a human 
fetus at term; B is from the honlal uiuscfe of an 
adult man; m the upper half of the figure, the 
fiber was cut obliquely and the myofibnts appear 
somenhat separated; the nucleus is shotm in 
another plane. 2100 X. After Levi, 


Myofibrils are distributed evenly or in 
compact bundles in the cytoplasm, the 
space s between the fibrils being occupied 
hv sarcop lasm. In cross section the sepa- 
rate fibrils appear as fine dots. When the 
fibrils are packed in bundles, the latter 
are separated by sarcoplasm. 

Stnicture of the Myofibrils, The ap- 
pearance of the striated muscle fiber de- 
pends on whether it is at rest, contracted. 


or passivcl)' strelched. The myofibril is ' 
composed ol two main types of substance 
which alternate regularly along its length. 
They are short cylinders and are called 

... A ' > « 

s in* 

• . . 
doubly refractilc, or anisotropic , in liv- 
ing cells as well as after fixation, had best 
be designated A disk (also called Q). It is 
undecided what causes the anisotropism 
of (he A disks. 

Alternating with the A di sks are isa- 
/g-Op/<Lf sin gly rpfrai^fe WrT^ks (.T in 
German). Ij ^i^h jhf. stainfl 
yernam xadorless- In resting fibrils the A 




A B 

Fig. 133. Crc«s section of two striated muscle 
fibers of a rabbit. In A, a uniform distribution of 
fibrils, in B, Coimheim’s fields. 1000 X. Redrawn 
after Szymonowic*. 

and I disks are approximately the same 
height. When the fibers are passively 
stretched (he I disk appears taller than the 
A disk. 

There are other disks in the myofibril; 
the most important of these is the ^or 
intermediate disk, which is doubly refrac* 
tile and occupies the middle of the I disk. 
But unlike the A and the I disks, the Z 
disk is not confined to the myofibril but 
passes through the entire diameter of the 
fiber. During contraction the center of the 
A disk appears paler than the rest and is 
callttl Hensen^gj^sk, wthin which a thin 
middle stripe indicated by the letter M 
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muscle, the complex and peculiar struc- 
ture of the striated fibers is seen readily. 
They are covered with a thin (1 /x) struc- 
tureless membrane, the sarcolemma. In 
uninjured regions it is imdsible as it 
closely adjoins the substance of the fibers. 
But in those places where the fiber has 
been torn or crushed, the sarcolemma 
appears as a transparent film (Fig. 130). 

The freshly teased fiber is usually 
slightly yellow and striated in both the 
longitudinal and transverse directions. 
The distinct and regular cross striation is 
obvious in the living cell. From its pres- 
ence the tissue has received the name of 
striated muscle. These striations depend 


with the large size of the fibers (Fig. 
130). 

The chief solid mass of the muscle fibers con- 
sists of various albuminous substances of which 
the most important are myosin and myogen. Stri- 
ated muscle contains more myogen and less 
myosin and one tenth as much nucleoprotein as 
smooth muscle. The fibers also contain carbo- 
hydrates, fats, lipoids, and a pigment myoglobin 
which Is closely related to hemoglobin. Cyto-' 
clirome, which consists of several hemochro- 
mogens, is also present. The fibers contain vari- 
ous metabolic intermediaries such as lactic acid, 
creatin-phosphate, hexosepliosphate. 

Sarcolemma, The sarcolemma is a 
thin (1 /t), structureless membrane, 
which completely invests the fiber and fol* 



Fig. 131. The separation of a muscle fiber of a rabbit Into fibrils afler treatment with nitric acid. 
One nucleus is seen within a spindle-shaped accumulation of sarcoplasm. 530 X> (A.A.M.) 


on the fact that the fibers consist of two 
parts: (1) a protoplasmic mass, the iorco- 
plasm, and (2) very thin cross-striated 
fibrils, myofibrils, which are present in 
large numbers parallel to one another in 
the sarcoplasm. 

I The transverse striation is believed to 
depend on the fact that each myofibril 
consists of disks or sections which alter- 
nate regularly along its length. The corre- 
sponding disks of adjacent fibrils are usu- 
I ally arranged at the same level in the fiber 
(and cause the regular, transverse striation 
i of the fiber. 

The nuclei are seen in a fresh prepara- 
tion of striated fibers, particularly after 
staining. Their great number corresponds 


lows its changes in form during contrac- 
tion. Some authors regard it as a product 
of the cytoplasm of the muscle cell, a view 
substantiated by Speidel’s study of re- 
generating muscle as seen in living tad- 
poles, while others consider it a product 
of the connective tissue surrounding the 
muscle fibers. Several authors have de- 
scribed a fibrillar structure in it, which 
they compare with the basement mem- 
brane. The chemical reactions of the sar- 
colemma differ, however, from those of 
collagen and elastin. 

Myofibrils. In longitudinal sections 
through muscle fibers or in preparations 
where they have separated into individual 
fibrils, the latter appear as long, parallel 
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to the t)pe of muscle, one or tlie olher type of 
fibers predominates. 

Organoitla ami Inclugione. Tlie sar* 
coplasm of many slriale^ muscle fibers 
contains fat droplets, pigment and lipoid 
granules, and glycogen. In addition to 
these inclusions, the sarcoplasm contains 
ToilochondTia and particles called satco* 
soraes. The latter occur in both the I and 
the A disks, and their exact nature is un* 
decided. As the sarcosomes and milochon* 
dria have been demonstrated in prepara* 
tions made with different technics, the 
question is unsettled as to possible inter* 


165 

several centimeters long they number 
several hundred. 

Tim position of the nucleus varies ac- 
cording to the species of animal and the 
type of muscle, in the muscles of the 
lower vertebrates, and in many of the red 
muscle of mammals, the nuclei are scat- 
tered throughout the entire fiber. In the 
great majority of striated muscles of 
mammals, the nuclei are in the layer of 
sarcoplasm immediately beneath the sar- 
colcmma, 

Tire Union of Striated Muscle Fi- 
bers willi One Another to Form Mus- 




Fig. 135. Cro^s section of muscle bundles from two musetes of the sjme man treated in the same 
way. /, Gastrocnemius muscle; a, a fiber with central nuclei; 2?, blood vessel. //, An ocular muscle; 
n, normal fiber with CoImheimW fields; k, dense pottioa of a fiber; At artery; C, capillary. Bolli 
figures JIO X. After Schaffer. 


relationships between them. The fat In- 
elusions diminish or disappear in starva- 
V tion. In fixed preparations glycogen 
appears as granules of irregular shape 
and size between the myofibrils. The sar- 
coplasm also contains a small Golgi net, 
frequently at each pole of the nucleus. 

Nucleus. The nuclei of striated muscle 
fibers are rounded, oval or elongated in 
the direction of the long axis of the fiber. 
Their size varies considerably. Their num- 
ber fluctuates within wide limits as it de- 
pends on the length of the fiber. The 
nuclei are always numerous, and in fibers 


cles. Muscles are formed of parallel mus- 
cle fibers held together by connective 
tissue. The arrangement of muscle fibers 
within the muscle is clearly seen in cross 
sections and is similar to the structure of 
tendons. As the collagenous bundles in 
tendons, so the muscle fibers here, com- 
bine to form the primary bundles; sev- 
eral primary bundles combine to form 
secondary bundles; tertiary bundles are 
formed by the secondary ones, etc. Large 
bundles and layers of interstitial connec- 
tive tissue at the periphery of the muscles, 
the epimysium, project into the spaces be- 
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may be seen. The N disk may be seen at 
times within the I disk between the Z and 
A disks. 

The electron micrographs of Hall, 
Jakus and Schmitt show that the Z disks 
are not collagenous (as some had be* 
iieved) and that the I as well as the A disks 
consist of myosin filaments. These are 
apparently the contractile units. 

I The amount of substance included be* 
/tween two Z disks is called a sjircontcLe- 
I This has been considered to be the struc- 
tural and functional muscular unit (Fig. 
134 ). 

According to studies made with the 
older histochemical methods and with the 
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around the nuclei, especially at their ends. 
It is also present in small islands about 
the terminal endings of the motor nerves. 

Variations in the Amount of Sarcoplasm. It is 
customary to distinguidi striated muscle fibers 
rich ta sarcoplasm from those poor in sarcoplasm. 
In certain vertebrates, as the rabbit, one can 
even recognize two types of muscles with the 
naked eye; one appears red and the other white. 
Linder the microscope tlie fibers of the first type 
are seen to be rich, and those of the second type 
poor, in sarcoplasm. In the pale cells the fibrils 
are very small and regularly arranged. In the 
fibers of red muscles the longitudinal striation is 
more prominent and the transverse striation is 
somewhat irregular. The red fibers contain many 
fat granules and have a “muddy” appearance. The 
nuclei of the red' fibers occupy a more central 
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Fig. 134. Electron micrograph of myofibril from leg muscle of a frog. 32,000 X. Courtesy of C. Hall, 
M. Jahus, and F. Schmitt. 


aid of microincineration (Scott) it is be- 
lieved that there is a concentration of po- 
tassium in the A disks, Gersh claims that 
potassium, phosphate, and carbonate are 
uniformly distributed in the muscle cells. 
Potassium is thirty times, and phosphate 
at least eight times as concentrated in the 
muscle cells as in the interstitial tissue. 

In the invertebrates, especially in in- 
sects, many other disks may be seen in 
striated muscle. 

SarcoplaBin. The cytoplasm of the 
muscle fiber which fills the spaces be- 
tween the myofibrils is called sarcoplasm. 
Tlie sarcoplasm accumulates constantly 


po'iilion in the fiber and are rarely found at the 
periphery. As a rule, the red granular fibers in 
the lower vertebrates are confined to the most 
important muscles, while in the higher aniina]S|^ 
only the least active mu'scles are^white._The red 
pigment is usually found in tho'e muscles whicli ' 
contract repeatedly and over— long-periods of’ 
time. The “twitch” is longer in red muscles and 
they are more easily “tetanized.” Those muscles 
which contract slowly are red, but all red muscles 
do not contract slowly. The pigments which give 
these fibers their red color are probably muscle 
hemoglobin and cytochrome. 

In the rabbit each type of fiber is generally 
gathered into separate muscles which show cer- 
tain physiologic differences. In the majority of 
animals including man, both types of fibers enter 
into the composition of all the muscles; according 
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ihe collagenous fibrils of the tendon. The 
transverse slrialion of the myofibrils dis* 
appears at such places. This conception 
has been denied by other investigators 
vho claim that the collagenous fibrils of 


Ia>er cl ihe segment produces the skin plate. The 
icmatnmg part of the medial !a>er of the seg- 
ment, the mjDlome, represents the pTimordlum 
of (he dorsal as nell as the senlral musculature 
of the body. It is possible that cell masses grow- 
ing out of the myotome take part in the forma- 



Fig. 137. Diagram showing connections between a muscle and the hones to which it is allached. 
Muscle fibcT^ X, begins and ends in tendons attached to the bones; y, terminates at one end in (he 
musciet i, lertninates at both end* in the muscle. After Beaus. 


the tendon only oppeer to continue into 
Ihe m}ofibrils. The problem obviously re- 
quires experimental investigation; the 
method of inicrodissectloR might be of 
distinct aid; certainly, the continued 
study of the museulo-tendon junction by 
purely morphological methods 1ms led to 
an impasse of diametrically opposed 
vieu'g. Observations on living regenerat- 
ing muscle in tadpoles indicate that th« 
myofibrils continue directly into the ten- 
don fibrils and that in development a part 
of the tendon may arise from the myo- 
blast (Speidel). 

Rtooil Vessels amt Nerses. The blood ves- 
sels of skeletal muscle (issue {particularly red 
muscles) are very abundant, capillaries which 
directly enlace separate fibers form a dense net- 
work with meshes stretched along tlws length of 
the fiber {Fig. USB) The short sides of these 
meshes sometimes appear as swollen spindles 

Lymphatics have been found in certain mas- 
cles Within the layers of the perimysium and 
around the blood vessels. 

The main nerve supply of the skeletal Bins- 
cles IS from the myelinated cerebrospinal afferent 
and efferent nerves. 

Histogenesis of the Striated Muscle Tissue. 
The striated muscular tissue arises in vertebrates 
from the mesoderm and in particular fcota its 
primitive segments. The lower part of the medial 
layer of each segment forms a mass of embryooic 
connective tissue, the rc^crofome, while the lateral 


tion of musculature of the appendages; but here, 
»s in the development of head muscles, the pat* 
licipaiion i* not direct and the layini; down of 
the muscular tissue cannot he separated dUtlnclly 
from tile mesencliyme. 



Fig- 138. Photomicrograph of carmine-gelatin 
lojection of blood vessels in striated muscle of 
cal. Note arrangement of vessels parallel to 
muscle fibers and right-angle branchings. 125 X- 

Those cells which give rise to the muscle tissue 
are called myoblasts. Within the myotome they 
are re^lar and cylindrical, hut very soon they 
stretch, become spindle shaped and arrange them- 
selves tmo parallel bundles. At the same time they 
multiply rapidly by mitosis. 

TTiere are several explanations of how the large. 
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tween the bundles of muscular fibers as 
the perimysium. They consist of irregu- 
larly arranged collagenous, reticular and 
elastic fibers, and many varieties of con- 
nective tissue cells including fat cells. 
These thick layers branch and send thin 
layers between the smaller bundles (Fig. 
136 ). 

Between the separate muscle fibers in- 
side the primary muscle bundles the en- 
domysium consists, as in smooth muscles. 


soft parts (muscles of the tongue and 
face). 

Where a muscle is attached to a tendon 
there is a very close union of the muscle 
fibers with the collagenous bundles of the 
tendon. The collagenous bundles of the 
perimysium pass directly over into those 
of the tendon; the sarcolemma covering 
the rounded, cone-shaped ends of the 
muscle fiber is fused with the ends of the 
collagenous bundles. The cone-shaped 



Fig. 136 Cross section through the sartorius muscle ol man showing the subdivision into bundles of 
various sires by connective tissue. 4 X- Photograph by Muller, front Heidenhain. 


of thin fibrous networks which form cap- 
sules for the fibers. The endomysium also 
contains fibroblasts and fixed macro- 
phages. The latter play an important role 
as phagocytes in inflammation of the 
muscle. 

The number of elastic fibers in the in- 
terstitial connective tissue varies with the 
t)-pe of muscle and is probably closely 
connected with its functional peculiarities. 
They are extremely abundant in the eye 
muscles and in muscles which attach to 


ends of the muscle fiber fit into grooves in 
the tendon. The connection of the sarco- 
lemma with the collagenous bundles is 
much more rigid than with the substance 
of the muscle fiber itself; for if a fresh 
muscle is put into hot water, the contents 
of the muscle fiber at the ends separate 
from the sarcolemma. 

Several authors have claimed that, be- 
sides the union of the sarcolemma with 
the tendon, there is a direct continuation 
of the myofibrils of the muscle fiber into 
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Z dislcs. Following this the thin regions of the 
threads between the thickenings develop into 
isotropic disks. At first the mjofihrils are sepa* 



Fig. 141, Cross section through an crobr)onlc 
muscle bundle of a sheep. BG, Cells of the pri- 
mordium of the perimysium; fr, muscle fibers in 
cross section with a single layer of primitive 
fibrils; K, nucleus in the axial sarcoplasm; M, 
primitive muscle fibers; Z, connective tissue cell. 
740 X. After SchalTer. 


The continued increase in the number of myo- 
fibrils is by longitudinal splitting (Fig. 140). 

Although many investigators believed that 
mitochondria give rise to myofibrils, this idea is 
probahl) incorrect. The mitochondria remain in 
the sarcoplasm between the fibrillar columns and 
accumulate around the nuclei. 

Tlie fibrils occupy the peripheral part of the 
fiber while the axial portion is occupied by un- 
differentiated cytoplasm with short mitochondria, 
and nuclei which continue to divide (Fig. 141). 

The further development of the muscular tis- 
sue consists of a combination of several phe- 
nomena. First, the separate fibers increase in 
thickness and length. Then their number in- 
creases, at first through the transformation of 
new myoblasts, and later by a longitudinal split- 
ting of already existing fibers. 

According to one author, the increase in num- 
ber ot fibers in the sartorius muscle stops when 
the human embryo is ISO to 170 mm. long. The 
future growth of the muscle depends only on 
the continued increase in the size of the fibers 
already present. As the growth of the different 
fibers in the same muscle does not stop simul- 
taneously, fibers of various thicknesses result. 
Other authors, on ilie contrary, find both the 




Fig. 142. Cross section through the gastrocnemins muscle of an adult (A) and of a six-montli 
fetus (B). Notice the difference in thickness of the fibers, a, A fiber with central nuclei; B, blood 
vessel; PB, primary bundle, the number of whose fibers corresponds to those in Figure ^4; F connec- 
tive tissue, no X. After Schaffer. 


rated pom one another; they connect up sec- splitting of fibers and the continued new for- 
disU * ^ continuous membranes, the 2 mation of fibers from undifferentiated elements 

in newborn mammals. 
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mulnnucleatecl, skeletal muscle fibers arise from decision of this question must be left to future 
the myoblasts: (1) Each muscular liber is a syn- investigations. 

cyiium resulting from secondary fusion of many In tlie young, spindle-shaped mjoblasts, thin 
separate cells. (2) Each myoblast grows mart- threads appear, which in the beginning are quite 



Fig. 139. The development of myofibrils within the myoblasts of a chick embryo: a. Myoblast 
of sixty-hour embryo; b, myoblast of se>enCy-six-Iiour embryo; c, middle portion of tlie m>obl8st with 
nucleus from a one-hundred-tweniy-four-hour embryo showing (he first appearance of segmentation of 
the myofibrils; d and e, later stages. Redrawn after Duesberg. 



Fig. UO. Cross section of developing muscle fibers of a teoat embrjo. ITithin the protoplasm of 
the fiber, one tliick fibril is seen in cross section as a black spot. In the following stages it splits into 
a larger and larger number of radially arranged fibrils. 3800 X- Redrawn after Heidenhain. 


cdly in length and the rapid multiplication of 
the nuclei by mitosis (and perhaps later by 
amitosis) is not accompanied by division of pro- 
toplasm so that a multinuclear cell is produced. 
(5) Both methods of development occur. A final 


homogeneous, but which later acquire thicken- 
ings at equal distances along their entire length; 
these are the precursors of the A disks. After this 
a second series of thickenings appears, halfway 
between the first ; tlicse are the forerunners of (be 
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The sarcolcmma appears at the surface of tlie 
embrj’onic muscle fibers al comparalbclj late 
stages. 

Tiie nuclei, tluring the gradual grouih of the 
muscle fiber* increase in number by mitosis, anc3 
in later stages, perhaps, by amitosU. In mammals 
the nuclei in the beginning are located in the 
center, while the fibrils occupy the periphery of 
the fiber. During later stages the nuclei move to- 
ward the periphery, so that the central parts 
become occupied by fibrillar columns (Fig. 142)* 
The ability to contract in response to direct 
irritation begins in the embryonic muscular ele- 
ments at about the time or shortly before the first 
mjofibrils arise in their protoplasm. It has beerr 
suggested that the m)ofibtils develop »s the re- 
sult of the tension of the developing, contracting 
muscle. This contractility, at first alight and slow, 
gradually increases with the increase in number 
of myofibrils and their arrangement m bundles* 
The appearance of voluntary movements la closely 
connected with the development of the nervous 
motor tracts which lead from the spina! cord 
to the mjolomea. 

During the embryonic histogenesis of the stri- 
ated muscle tissue, degenerative processes accom- 
pany the phenomena of progressive character. 
These sometimes include a considerable portion 
of the muscle fibers end may lead to their com- 
plete destruction. 

Regeneration of Striated Muscular Tissue. 
During intensive activity, the skeletal muscles 
increase in volume; this depends on the enlarge- 
ment of the already existing fibers through an 
increase in the sarcoplasm and not of the fibrils. 

The regenerative capacity of the striated mus- 
cular tissue of vertebrates, particularly of the 
higher ones* is usually insignificant and does not 
always lead to the formation of functioning fibers. 
After destruction of muscle fibers, legcneratjon 
always starts from the fibers already jjiesent. 
The most successful regeneration takes place m 
those cases when only the contractile substance 
is destroyed while the sarcoiemma and the per- 
ipheral layer of sarcoplasm with the nuclei are 
intact. The nuclei v«ih the surrounding sarco- 
plasm remain alive and are tlie source of regenera- 
tion — these are now separate cells called sarco- 
blasts or myoblastj. The ends of the fibers be- 
come thicket and grow out toward the place of 
injury as simple or branched muscular buds. The 
sarcoblasis hypertrophy, multiply, digest the de- 
generating fibers and later fuse m groups. Inside 
the old sarcoiemma they form new fibers la which 
striated fibrils appear. 

During such a regenerative process, the satco- 
Ihsls or myoblasts can be easily dislmgmshea 


In •vitally stained animals from the macrophages 
which have penetrated the fiber {see Sjwidel, 
1938). 

It has been claimed that muscle cells turn into 
macrophages under the influence of choHn in 
tissue cultures. 

A large defect In the muscular tissue is re- 
placed by a connective tissue scar. 

Tlic maintenance of a connection with tlie motor 
nerve fibers is necessary for the normal existence 
of (he skeletal muscular tissue ss well as for its 
successful regeneration Tills “trophic” influence 
of nerve fibers on striated muscular elements be- 
comes apparent even when a small piece of mus- 
cular tissue iv transplanted into some thick nerve 
trunk, as the sciatic, of the same animai. In this 
case a ratfier energetic, although temporary, re- 
generation of the transplanted muscle fibers is 
obscrvctl. For details of the atrophy of muscle 
after section of the nerves see Tower. 

CARDIAC MUSCULAR TISSUE 

The heart oC all vertebrates is composed 
of a network of peculiar striated muscle 
hbers. It contracts rhythmically and auto- 
matically. Its structure differs in several 
respects from that of skeletal striated 
muscles. 

in a section of mammalian cardiac 
muscle, parallel to the surface of the 
heart, one can see that the fibers form net- 
works with narrow meshes stretched in 
one main direction. In cross section the 
fibers appear as rounded or irregular 
areas of various sizes. Free endings can be 
found in cardiac muscle fibers only in 
teased, macerated preparations taken 
from the region of the atrioventricular 
openings and from the papillary muscles. 

The cardiac muscle fibers consist of: 
(1) nuclei; (2) myofibrils; (3) sarco- 
plasm; (4) a sarcoiemma, according to 
some authors, and (5) intercalated disks. 

Nuclei. The nuclei in cardiac muscle 
fibers, in contrast to those of striated 
muscle, are always arranged in the in- 
terior, usually in the axial part, of the 
fiber. They are scattered in the network 
of the fibers at various distances from one 
another. Their shape is oval and their in- 
ternal structure shows nothing peculiarly 
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Fig. 143. The differentiation of myoblasts into cross-striafed muscle fibers as seen in living, 
regenerating zone. foIioHing removal of the Up of a tadpole’s tail. One of a pair of closely associated 
myoblasts was watched throughout it# nuclear division. An anastomosing process (P) developed 
between the two myoblasts to the right during this tune. The next day many nuclei were present and 
the mass w’as under increased traction in a longitudinal direction. At 4 p, m. the first faint cross stria- 
tions were visible. The following day many cross striations were in evidence in all fibers. Redrawn 
after Speideb 
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what less than that of a sarcomere; but 
like a sarcomere the intercalated disks arc 
practically always bounded on both sides 
by the Z plates. \^^ere the fibers branch, 
intercalated disks are found which are 
cone-shaped in sections (Fig. 145). 

Tlic substance of tlie intercalated disks 
stains sharply with various dyes. Under 
high magnification it appears to consist 
of vertical rods whose ends are directly 
fused with the myofibrils approaching the 
disk from both sides. Tiie myofibrils are 
believed to pass uninterruptedly through 
the intercalated disks. 


Tliese areas consist of a number of branched 
processes which are separated from one another 
in die longitudinal direction by intercalated disks. 

The nutnher of nuclei in each segment is rather 
constant for each type of animal; it is usually 
1 to 2 in man and may be as great as 32 in the 
pig. Itjffas therefore supposed that cardiac mus-\ 
cle is composed of independent muscle cells and ' / 
that, the intercalated disks are the cell boun- ' 
darics But most authors do not believe that these 
disks are cell membranes. They point out that the 
fibrils pass uninterruptedly through the inter- 
calated disks from one segment into the ne^t. 
They have also shown that in each segment there 
is at least one place where it is not separated 
by an intercalated disk from the adjacent seg- 



Fig. 145. Section of human cardiac muscle, showing intercalated disks. Sublimate fixation ; stained 
in thiazin red and toluidm blue. About 450 X . Slightly modified after M. Heidenhain. 


The physiologic significance of the in- 
tercalated disks is unknown. It is certain 
that they are not the result of an agonal, 
abnormal contraction followed by shrink- 
age, as was thought by some authors. It 
is not probable that these disks represent 
aieas where the cardiac fibers are able to 
grow in length, that is, where the new 
formation of sarcomeres is possible. Ac- 
cording to another opinion, these areas 
act as fine, elastic interstitial tendons. Hie 
injercaUted disks have also been con- 
sidered to be altered Z disks which divide 
the network of cardiac muscle fibers into 
ceirteffitories. 


ment and that consequently both segments are 
connected by anastomoses. 

The intercalated disks appear comparatively 
very late in the development of the cardiac mus- 
cle and their number gradually increases with 
age, independently of cell multiplication. The 
disks are, therefore, a sign of secondary, incom- 
plete division of the entire mass of cardiac muscle 
into separate territories or segments. According 
to most authors, cardiac muscle represents a 
syncytial, multinucleated mass of reticularly ar- 
ranged, protoplasmic bars in which contractile 
fibrils pass independently of cell terrilories. 

It has been clearly shown in tissue cul- 
ture that two heart muscle cells, which 
are not completely separated by a distinct 
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different from that of the nuclei of skele- 
tal muscle fibers (Fig. 144). 

Myofibrils. The myofibrils are similar 
to those of ordinary striated fibers, and 
are composed of the same types of disks, 
A, I, Z, etc. Transversely they are con- 
nected by the continuations of the Z disks 
passing through the sarcoplasm, 

-The fibrils in the cardiac muscle pass 
uninterruptedly along the length of the 
fiber so that their free ends are not seen. 
The cross-striated fibers here, loo, are 
gathered into bundles or columns. The 


which surround the nuclei there are also 
fat droplets, a poorly developed Golgi net 
and pigment granules rvhich increase ivith 
age. 

Sarcolcmma. The free surface of the 
caidiac muscle fibers is provided rrith a 
very thin sheath ivhich is rvell seen in sec- 
tions as a sharp line. It is not so easily 
isolated as the sarcolerama of striated 
skeletal muscle. It may be selectively 
stained with certain dyes and the Z disks 
are attached to. it in the same way as to 
the sarcolemma of skeletal muscles (Fig. 


lo S 



Fig 144. Section of human cardiac muscle fibers showing connection between the Z disks (Z) and the 
sarcolemma (S) ; Ic, intercalated disk. Mallory-Azan slain. 1400 X- Drawn by Miss Agnes Nixon. 


individual fibrils have been seen in living 
tissue cultures (Hogue, 1937) . 

Sarcoplasm. The sarcoplasm in the 
cardiac muscle fibers is usually rather 
abhndant; due to this fact the longitudi- 
nal striation is well pronounced. In the 
nuclear areas it forms elongated accu- 
mulations which are devoid of fibrils; the 
swollen middle portion of these accumula- 
tions contains the nucleus and tapers 
gradually to the ends (Fig. 144). Mito- 
chondria are scattered in the sarcoplasm. 
In the spindle-shaped accumulations 


144, 5). The origin of this sheath is not 
dear; some authors regard it as a con- 
densation of sarcoplasm, others as a prod- 
uct of the interstitial connective tissue. 
Well pronounced, interstitial connective 
tissue areas are found only in the cardiac 
muscle of adult mammals. 

Intercalated Disks. For a long time 
the attention of investigators has been at- 
tracted by short lines or V-shaped stripes, 
called intercalated disks, which are ori- 
ented transversely to the long axis of the 
fibers. The height of the stripes' is some- 
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Fig. 147. Cells of Purkinje in a papillary 
myofibrils in the peripheral part of the cells. ‘ 
as those of the topical cardiac muscle fibers. 


dies or columns of fibrils; between them remain 
layers of sarcoplasm containing mitochondria and 
rows of nuclei. 

At first the myofibrils are distributed along 
the periphery of the muscle cells, first in one 
layer, then with the gradual increase in the num- 
ber of bundles, tliey form seteral layers. 

Later the protoplasmic shafts with their fibrils 
become more and more separated from one an- 



iscle of a slteeji. A, Concentric arrangement of the 
> X. C, The myofibrils have the same A and Z disks 
;7S X. After I^vi 


endothelial tube. These elements at first are a 
layer of cubotdal cells, loosely connected by in- 
tercellular bridges. Then this portion of the 
splanclinopleure thickens, becomes stratified and 
Its cells become irregular and star-shaped, these 
anastomo*e with one another by processes which 
gradually thicken In this way there arises a 
syncytium of protoplasmic shafts with slitbke, 
free interspaces. In many places the free inter- 
spaces disappear, leaving a compact syncytial 
mass. The nuclei, which are scattered in the syn- 
cytium, multiply energetically by mitosis. The 
cytoplasm contains many rod-shaped mitochon- 
dria which are frequently gathered in groups. 

The development of myofibrils proceeds here 
as in striated muscle Homogeneous fine threads 
appear in the cytoplasm; they run for long dis- 
tances quite independently of any cell temtones. 
Then swellings appear at regular distances along 
these threads; they are the priraordia of the A 
disks and are immediately followed by a second 
series of swellings between the first ones — the 
Z disk primordia Olivo has studied this m de- 
tail in tissue culture. 

The myofibrils incrcase^n number by splitting 
longitudinally. This causes the formation of bun- 



Fig. 148 Large, centrally vacuolated Purkinje 
cells of human heart. The myofibrils are concen- 
trated at the periphery of the cells. 950 X. Drawn 
by Miss E. Bohiman. 
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cell membrane and which seem to have a 
partially continuous protoplasm and com* 
mon fibrils, may beat with independent 
rhythms (Fig. 146). This observation 
offers a fairly strong argument in favor 
of the view that the cardiac muscle cells 
are independent cells. It shows, at least, 
that an apparent syncytium can break 
down into separate cells. Although the 
cardiac muscle cells may have a certain 



Fig. 146. Two cells from a seven-day culture of 
the heart of a four-day chick embryo. The two 
cells were beating with different rhythms. Two 
smooth hhrils continue from one cell into the 
other. There is no distinct cell membrane separat- 
ing the two cells. The dark granules are mito- 
chondria. Stained with Janus green and fixed 
with iodine. 1450 X. Courtesy of W. H. I^ewis. 

degree of morphological continuity, they 
are obviously discontinuous functionally 
— otherwise it is difBcull to see how the 
two cells in Fig. 146 could beat with dif- 
ferent rhythms. 

Purkinjc Fibers. Fibers of the Im- 
pulse-conducting System. Under the 
endocardium which lines the internal sur- 
face of the heart, particularly of the in- 
terventricular septum, there is a net of 


atypical muscle fibers. They are called 
*‘Purkinje fibers” after the man who dis- 
covered them. 

It is now established that just as in the 
ordinary cardiac muscle, the Purkinjc 
fibers form a continuous, sarcoplasmic 
network. It appears to be divided into 
separate sections because of the extremely 
irregular arrangement of the continuous 
bundles of striated fibrils; these pass 
mainly in the peripheral portions of the 
fibers. These are also provided with inter- 
calated disks. Large amounts of sarco- 
plasm are accumulated about the nuclei. 
The sarcoplasm of the fibers of Purkinjc 
often has a large amount of glycogen, par- 
ticularly in children. In many places a 
gradual passage of these Purkinjc fibers 
into ordinary cardiac fibers can be no- 
ticed. 

The Purkinje fibers are laid do^vn very 
early in the embryo and at once differ 
sharply from the ordinary elements of the 
cardiac muscle. 

The coordinated contractions of sepa- 
rate parts of the cardiac muscle depend on 
the existence of a mechanism for conduct- 
ing the stimuli for contraction. The fibers 
of Purkinje form part of this mechanism. 
Nerves may also participate in the con- 
duction of the contractile impulse (see 
p. 250). 

The sino-atrial and atrio-ventricular 
nod^ have the same structure as the Pur- 
kinje fibers. 

Connective Tissue and Blood Ves- 
sels of Cardiac Muscle. Loose connec- 
tive tissue is found in the slitlike spaces 
of the cardiac muscle. The muscle fibers 
are everywhere surrounded by dense, 
basket-like networks of blood capillaries. 
These arise from the coronary arteries 
and are collected in the cardiac veins. 

Histogenesis of Cardiac Muscular Tissue. 
The cardiac muscular tissue in the vertebrate 
embryo is formed from a portion of the splanch- 
nopleure, which adjoins the exterior of the pri- 
mordmin of the heart— at this time a thin-walled, 
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, cafe that in contraction it tlccreases by of 1 
I .per cent of its volume, ^urinp contraction the 
' Mongitudinal slriation becomes more" pronounced 
I while the transverse striations become thinner and 
!'much closer to one another. At present most his- 
VtolopFsts believe that the most active and im- 
portant rule in the process of contraction is placed 
by the m>ofibrils. That i«, the physical and chemi- 
cal changes whicii take place in the fibers during 
contraction and relaxation become manifest as 
changes in the cross striation of the myofibrils 
as seen in sections. 

In the normal contraction of striated muscles 
in the warm-blooded animals, the contraction 
wave is so long and rapid that the entire muscle 
shortens and thickens at once. In order for all 
the fibers of a mu«cle to contract simultaneously 
they are provided with numerous nerve endings 
scattered along their length. 

When a living muscle is teased under the 
microscope, its fibers are seen to contract for a 
long time. On fixation, the entire fiber may con- 
tract or agonal, short, local waves of contraction 
may become fixed in the characteristic spindle 
shape One can thus follow all tlie steps in the 
change from the resting, tiiin, cylindrical fibers 
into the condition of maximal contraction when 
they are thick and spheroidal. 

In fixed preparations of local contraction waves, 
at the beginning of contraction, tlie fibrils begin 
to thicken, the disks become wider and thinner; 
indeed, the 1 disk may become so thin that it 
djsappears completely. When the shortening of 
the fibrils of the fiber reaches 50 per cent or more, 
the reversal of striation takes place. This consists 
in the appearance of thick, dark, transverse 
stripes which arc located in place of the Z disk. 
According to some this is because the darkly 
stained substance of the A disk spreads in both 
directions from the middle disk M, penetrates 
the I disk and closely approaches the Z disk 
During these changes the double refraction of the 
A disk remains unchanged. The anisotropic sub- 
stance maintains its outlines and its previous 
location and only flattens and widens, although 
the disk itself does not stain any more rfnd loses 
Its definite boundaries. During relaxation, that is, 
the return to the resting stage, these changes are 
repealed in the reverse order. 

The main part of the process of contraction 
has as its morphological substratum the A and 
I disks The M and especially the Z disks ap- 
parently do not take an active part in contraction. 
They are transverse, elastic partitions attached 
to the sarcolemma; they are believed to support 
the entire fiber by interfering with the shifting 
of fibrils with relation to one another. 


The sarcoplasm must lake part in the nutri- 
tion of myofibrils, as It completely surrounds 
them. The sarcoplasm probably plays an impor- 
tant rule in conducting excitation through the 
muscle fiber. 

Mccliaiiism of Musciihar Contraction. The 
mechanism of the contraction of muscle Is par- 
tially known. The evidence from studies with 
the x-rays and double refraction indicates that 
there is a definite molecular orientation, espe- 
cially of stretched out protein molecules, in paral- 
lel chains.Jt.5s believed that during contraction, 
owing to chemical changes at tlie side groups of 
tlie proteins, these chains crumple and shorten in 
the longitudinal direction; the reverse change 
takes place in relaxation. 

Ciiemical analyses of contracting muscle have 
shown that its carbohydrate breaks down into 
lactic acid; its combined phosphates also break 
down and one of the nucleotides becomes deamin- 
ized. Contradictory theories have been built upon 
various of these chemical changes, attributing the 
actual shortening to the formation of acidity in 
the one case and of alkalinity in the other at 
critical “contractile points." These contractile 
points would now he regarded as the side chains 
of the protein molecules mentioned above. (See 
review by Sacks.) On the basis of ultraviolet 
ab«orption spectra of striated muscle, Caspersson 
and Thorell claim that the main part of the 
adenine derivatives (adenylic and adenyl-pyro- 
phosphoric acids) in resting muscle are localized 
in the 1 disks and that most of the myosin is in 
the A disks. Tliey suggest that as a result of 
chemical processes taking place m the 1 disks, 
energy is transferred to the A disks which are 
the seat of the contractile elements. 

Participation of Nerves in Muscular Con- 
Iraclion. All muscles are under more or less con- 
tinuous nervous stimulation whose nature vanes 
with the type of muscle and its nervous connec- 
tions. Smooth and cardiac muscle are under auto- 
Domic nervous control and often contain auto- 
nomic nerve cells in their substance. The striated 
skeletal muscles, which are primarily concerned 
with control of movements and posture of the 
body and limbs, receive their motor impulses 
from the central nervous system by way of 
craniospinal nerves. The current belief that these 
muscle fibers receive an additional innervation 
from the autonomic system is not supported by 
the most careful recent work 

When a skeletal muscle, preferably of a cold- 
blooded animal to avoid the effect of cooling, is 
removed from the body and its attached nerve is 
stimulated by a single electric shock, the mus- 
cle contracts quickly and relaxes almost imme- 
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other at various places; in this manner a net- 
ivork of cylindrical or prismatic muscle fibers 
is produced. Interstitial connective tissue pene* 
irates the spaces between the splitting and sepa- 
rating portions of the syncytium. 

The Purkinje fibers develop from the same 
primary syncytium as the ordinary cardiac muscle 
fibers. They soon become distinguishable from 
the remaining myocardiac mass as thick proto- 
plasmic shafts swollen about the nuclei; they lie 
directly under the endocardium. A lew myofibrils 
are irregularly distributed at their periphery. 

Toward the end of the embryonic period, car- 
diac muscular tissue with its characteristic struc- 
ture is well diflerentiated. But it must grow for 
a long time until the organism attains the com- 
pletely mature state. How this takes place is not 
yet clear. 

The increase in number of myofibrils and the 
thickening of separate fibers proceed by con- 
tinued, longitudinal splitting of myofibrils At 
the same time the amount of axial sarcoplasm in 
the fibers diminishes correspondingly. It is also 
clear that the nuclei increase at first by mitosis 


new fibers and always remain within the inter- 
stUial tissue. In certain pathologic processes in 
man (syphilis, diphtheria) the appearance of 
spindle-shaped myoblasts has been observed, 
which may also be regarded as an cfTort to re- 
generate. The peculiar large cells of the Aschoff 
nodules in the myocardium in rheumatic fever 
are no longer thought to arise from the muscle 
fibers. A yellowish pigment, possibly an abnormal 
metabolite, accumulates in smooth, cardiac and 
skeletal muscle of rats on a diet deficient in 
vitamin £, 

Morphological Changes During Contrac- 
tion of Muscle Fibers. Tlie process of contrac- 
tion can be watched directly if a bit of fresh 
smootli muscle, in a drop of physiologic saline, is 
stimulated by an electric current. Here each of 
the spindle-shaped cells shortens considerably 
and becomes thicker. In the spontaneous contrac- 
tion of smooth muscle sarcoplasm flows to a cen- 
tral point which thickens while the nucleus and 
the mitochondria move passively. No fibrils can be 
seen in such living cells. It has been claimed 
that when smooth muscle contracts, the con- 



Fig. 149. A smooth muscle cell from the stomach of a sparrow showing six short contraction waves. 
Redrawn after Soli, from Maximow. 


and later perhaps by amitosis. The manner in 
which the fibers of the myocardium increase in 
number is as yet unknown, although it has been 
supposed that this also happens by longitudinal 
splitting of the existing fibers. Notiiing is known 
of the details of the growth in length of the 
fibers and their fibrils; the participation of the 
intercalated disks in their formation is only a 
hypothesis. 

In various pathologic conditions in the adult 
organism, an increase in volume of the cardiac 
muscle may take place. This probably depends 
in part on the increase in thickness and length 
of the existing fibers and in part on continued 
splitting of the muscular network, in the same 
manner as in the normal development of the heart. 

Ilegeneralive Capacity of Cardiac Muscle. 
The regenerative capacity of cardiac muscle tis- 
sue is insignificant, being even less than that of 
skeletal muscle. When marked degenerative 
changes occur around an injured area, healing 
takes place by the formation of scar tissue. A 
slight indication of regeneration is amilosis of 
the nuclei in cardiac muscle fibers and the de- 
velopment from lli.m of spooial “sarcol, lasts” or 
"rayo-enous cella.” However, these never produce 


traded portion is milky as long as the contrac- 
tion lasts and tlien becomes translucent again 
with relaxation. Wlien living smooth muscle is 
fixed, preparations are often obtained in which 
certain cells are fixed in contraction while ad- 
jacent cells are in relaxation. In fixed prepara- 
tions, waves and nodes of contraction may be 
seen in the smooth muscle fibers; these may cover 
only a small portion of the cell and sometimes 
only a few fibrils (Fig. 149). The double refrac- 
tion of the fibrils appears only in these contracted 
places while the internodal portions are isotropic. 

The ability of striated muscle fibers to con- 
tract and relax rapidly is generally believed to 
depend on the transverse striation of the fibrils, 
that is, on the distribution of the contractile 
substance in numerous separate small particles. 
Tissue culture experiments have shown, however, 
that cardiac muscle cells may lose their cross stri- 
aliens and still continue to contract rapidly. 

In contracting, the striated muscle fiber, as 
well as the entire muscle, may shorten to as 
little as one tenth of its original length. Its thick- 
ness increases greatly and its volume probably 
Tcmains unchanged; although some authors claim 
that it increases, the latest measurements indi- 
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diately. This process is called a “twitch.” When 
the nerve is stimulated by a rapid series of 
shocks, the muscle remains contracted and the 
condition is called “tetanus.” The muscles are 
in this condition when executing any voluntary 
movements. 

In the body, change in the position of any of 
its parts, such as occurs in executing a series of 
complex movements, depends on a constant series 
of nervous impulses mediated by the myelinated 
efferent nerves. These cause a beautifully co* 
ordinated series of contractions and relaxations 
of the antagonistic muscles involved. 

In addition to this neuromuscular mechanism 
which controls the movements of the limbs, etc-, 
and is based on typical reflex arcs (p. ? ? ? ) , there 
is another mechanisni which controls the posi- 
tion of the limbs in space. This involves a series 
of unconscious, involuntary proprioceptive re- 
flexes from the muscles themselves (see section 
on muscle spindles) from pressure organs, the 
labyrinths, eyes, etc. These are mediated through 
the central nervous system by myelinated nerve 
fibers and probably affect the same muscles as 
those involved in the voluntary movements. The 
impulses responsible for this “tone” are carried 
by the same nerves as carry the voluntary im- 
pulses. This is clearly shown in recent experi- 
ments in which a nerve bundle was dissected 
until only one fiber was left undivided. When 
stimulated, this nerve fiber caused the muscle to 
contract and when not stimulated, it still car- 
ried sufficient impulses to maintain the tone of 
the muscle. Thus, it appears highly probable 
that tone in skeletal muscle depends on the con- 
traction of a few fibers. The normal stimulus for 
tone is probably in part the stretch which is pul 
on the fibers as a result of the position the mem- 
bers of the body occupy after all movements. 
Those voluntary muscles which normally oppose 
the pull of gravity show tonus except during 
deep sleep and general anesthesia. 

Cardiac muscle occupies a position intermedi- 
ate between the extremes of skeletal and smooth 
muscle. It is striated in much the same way as 
skeletal muscle and its contraction is fairly quick. 
But it has, in addition, the ability to contract 
rhythmically and does not develop fatigue — its 
rest periods are slightly longer than its periods of 
contraction. It is not under voluntary controL 
Its rhythmical activity must arise originally as 
an intrinsic characteristic of the muscle, for in 
embryos the heart contracts for several days be- 
fore any nerves have reached it. Moreover, in 
tissue cultures of embryonic heart muscle, indi- 
vidual muscle cells which have wandered into 
the plasma have been observed to beat with 


characteristic rhythms. Indeed, two appareotly 
connected cells may have individual rhythms. 

Microdissection studies by de Renyi and Hogue 
(1938) show that both myofibrils and sarcoplasm 
of living embryonic chick cardiac muscle cells in 
culture are contractile. Under normal conditions 
both contract synchronously, but when the sarco- 
plasm is paralyzed by the injection of certain 
reagents, the myofibrils continue to be active. 
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The cells forming llic nervous system 
are called nerve cells or neurons (Fig. 
150). They possess a l)o<Jy made up of a 
nucleus and surrounding cylojilasm {peri« 



Fig. 150. Diagram of a peripheral motor neuroQ, 
a, area of the naked avonj b, area of the axon in- 
vested only with ni>elin; e, area covered with both 
myelin and Schwann’s membrane; F, broken lines 
indicating great extent of the fiber; d, area in 
which the axis cylinder is covered only with 
Schwann’s sheath and its nuclei; e, the area of 
the naked axis cylinder ending. 

karyon) which expands into a number of 
processes. These usually comprise several 
short dendrites and only one axis cylin- 
der, or axon, which may have a great 
length (Fig. 151). 


TIic size, shape and other peculiarities 
of the body, and the number and mode of 
branching of the processes vary in the ex- 
treme, producing countless varieties of 
nerve cells (Figs. 151, 158-lCO, 193, 534, 
537, 539). It has been assumed that with 
the morphological diversity there goes 
some sort of functional specialization. The 
neurons are related anatomically and 
functionally by their expansions which 
arc in contact with other nerve cells, or 
with epithelial, muscular, or glandular 
cells. 

The point of contact of two ner\’e cells, 
called synapse, is more than a mere physi- 
cal contact, being in fact a polarized or- 
ganelle through ivhich functional influ- 
ence passes from one cell to another in 
one direction only (p- 209). Nearly every 
nerve cell possesses several or many 
synapses with other cells. If the nervous 
system were organized as a syncytium 
without inner boundaries, the impulses 
would spread in all parts without re- 
straint. The evidence— morphological, 
physiological and pathological — indicates 
that the nervous system is built of count- 
less cellular individuals that are struc- 
turally and functionally independent to a 
greater or lesser degree. The extreme mul- 
tiplicity of forms and interrelationships of 
the nerve cells is a reflection of the com- 
plexity of functions mediated by this 
tissue. 

THE MINUTE STRUCTURE OF TIIE 
NEURON 

THE NERVE CELL 

The nerve cell or neuron has a body 
containing a nucleus and threadlike proc- 
esses or expansions. Often the mass of 
the cytoplasm in the processes is much 
greater than that in the cell body. The 
superficial zone of the cytoplasm appears 
to be of somewhat different character 
than the core of the cell body and evi- 
dently plays an important role in the 
transmission of the nervous excitations. 



Chapter IX 


THE NERVOUS TISSUE 


The entire mass of nervous tissue in the living substance. The first is the ability 
body is called the nervous system. The to react to various physical and chemical 
essential function of this tissue is to re- agents. The second is the ability to trans- 
ceive stimuli from the environment, to mil the excitations thus elicited from one 
transform these into nervous excitations locality to another. The first property is 
and to transmit them to the nervous cen- called irritability; the second, conductiv- 

ters where they are reorganized to call ity, ^ 

forth appropriate responses. By these The complex nervous system of the 
means the nervous system adjusts the ac- higher organisms evolved from these 
tivilies of the individual to the events of primitive properties of living substance in 
the world in which it lives and so coordi- lowly forms. In the Metazoa certain cells 
nates the functions of the various organs developed the properties of irritability 

that they maintain the integrity of the and conductivity to a high degree, form- 

body. The nervous system also includes ing a rudimentary nervous system. By fur* 
the specific apparatus of all conscious ex* Iher specialization some of the nerve cells 
perience. It is the dominant mechanism evolved the capacity to react to special 
for the regulation of behavior and the kinds of exogenous energy. These cells, 
maintenance of unity of the personality, tviih the corresponding accessory struc- 
The nerve cells scattered in the various tures distributed throughout the body or 
organs of the body and interconnected by near its surface, produced three sensory 
nerve fibers, together wth the nerves that systems; the exteroceptive system, con- 
link them -with the brain and spinal cord, cerned with receiving impulses from the 
form the peripheral nervous system. The surface of the body; the interoceptive sys- 
latter regulates the functions of the vis- tern, responsive to impulses from the in- 
cera and transmits to the peripheral or- ternal organs; and the proprioceptive, 
gans regulating impulses from the brain which receives excitations from the mus- 
and spinal cord. In the brain and spinal cles, tendons and joints. Other nerve cells 
cord, the central nervous system, nervous became connected with the peripheral 
impulses from all parts of the body come effector organs, as the muscles and glands, 
together and are integrated with other forming the neuromotor and secretory 
nervous impulses resulting from stimuli systems. Still other nerve cells, mostly col- 
coming from outside the body. In this lecled in a large, central mass, assumed 
way, all parts of the organism are brought the role of correlators or integrators. 
under a central authority which controls These receive, select, combine, distribute, 
the activity of the organism as a biologi- inhibit or otherwise modify the excita- 
cal entity. lions arriving from the receptive surfaces 

The function of the nervous system is or from the inner organs, and finally in- 
based on tivo fundamental properties of fluence properly the peripheral effectors. 
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The functional significance of the 
neurofibrils is not yet clear. In the opin- 
ion of some the ncurofibrils ore the sub- 
strate for the transmission of llie ncr\'ous 
excitations; others consider them to be 
merely supporting structures. According 
to most investigators, the neurofihrils arc 



Fig 152. Motor cell from the gray sobsiance 
of the \entral horn of the spinal cord ol a cat 
showing granular chromophil substance. Axon. 
670 X. (AA.M.) 

confined to the territories of their respec- 
tive neurons (see Bartelmez and Hoerr; 
Bodian; and Fig. 191). 

The Ncuroplasm. The neuroplasm is 
the undifferentiated part of the cytoplasm 
of the nerve cells tvherein the neurofihrils 
are embedded. Neuroplasm in the proc- 
esses is called interfibrillar substance; in 


the axis cylinder it is called axoplasm. In 
fresh condition the axoplasm appears 
homogeneous; in the dark field it con- 
tains scattered bright granules. 

Cliroinopliil Substance. The cliro- 
mophil substance, or NissVs bodies or 
granules (Figs. 152, 155, 191, 201) are 
conspicuous structures of the nerve cells 
and show important changes in some 
pathological conditions. Nissl’s granules, 
invisible in living or fresh material, are 



Fig. 153. Motor cell of the ventral gray column 
of ihc spinal cord of a rabbit; a net of neuro- 
fibrih is seen in the perikaryon and continuing 
into the processes; the nucleus appears as a pale 
disk. Bielschowsky.method. 500 X* (A.A.M.) 

best demonstrated by one of the selective 
methods of staining devised by Nissl, as 
toluidin or thionine blue or other basic 
aniline dyes. Thus treated, the granules 
appear intensively stained, much like the 
chromatin of the nucleus; the intervening 
channels are filled with the neurofihrils 
which in Nissl’s technic remain practically 
unstained (compare Figs. 152 and 153). 

The physiological significance of the 
chromophil substance is still undeter- 
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Nucleus. The globular nucleus is rela- 
tively large, though it varies with the vol* 
ume of the cell body and apparently fluc- 
tuates ^v^th phases of life or activity of the 
cell. The usual position of the nucleus is 
in the center of the body. A nuclear mem- 
brane is always present. The linin frame- 
work is prominent, its meahea being filled 


T 



diJTerentialed into several slruclures-These 
are: (1) neurofibrils, (2) interfibrillar 
substance, (3) chromophil substance or 
NissVs bodies, (4) mitochondria, (51 in- 
ternal reticular apparatus of Golgi, f6) 
ccnlrosome, and (7) various inclusions. 
Special methods must be used to demon- 
strate most of these structures, although 
neurofibriis and mitochondria have been 
seen in fresh cells. 

Neurofibriis, The neurofibriis are 
best developed in large neurons, but their 
presence has been demonstrated in almost 



Fig. 151. A, Pyramidal neuron (type I of Colgi) from the cerebral cortex of a rabbit. The axon 
gives off numerous collateral branches close to the cell body and then enters the white substance, 
within which it extends for a long distance. Only a small part of the axon is included in tJie 
drawing: a, Axon; b, white substance; c, collateral branches of axon; d, ascending or apical dendrite; 
p, its terminal branches at tlie outer surface of bram. Aft« Ramon y Cajal, B, Neuron of type II 
from the cerebral cortex of a cat. The entire neuron is included in the drawing: a. Axon whose 
branches terminate close to the cell body; d, dendrites. After Kollikcr, 


with a large quantity of nuclear sap. 
ChaTacteiistically, iheic is one relaUvely 
large oxyphil nucleolus; rarely are there 
several nucleoli. The basichromatin is 
scanty, and the nuclei of the nerve celb 
appear as pale vesicles. 

Body or Perikaryon, The cytoplasm 
that constitutes the body of a nerve cell Is 


every variety of nerve cell. They appear 
as homogeneous threads, embedded in a 
more liquid protoplasm (Fig. 153). The 
neurofibriis are distributed as a compli- 
cated network throughout the cell body, 
and spread into all processes, where they 
can be followed into the finest terminal 
ramifications (Figs. 174, 175, 192). 
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The funclional significance of ihc 
neurofibrils is not ycl clear. In the opin* 
ion of some the neurofibrils arc the sub- 
strate for the transmission of the nervous 
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to most investigators, the neurofibrils arc 
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the undifferentiated part of the cytoplasm 
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esses is called interfibrillar substance; in 
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the axis cylinder it is called axoplasm. In 
fresh condition the axoplasm appears 
homogeneous; in llie dark field it con- 
tains scattered bright granules. 

Chromopliil Suhsinncc. Tlio chro- 
mophil substance, or NissVs bodies or 
granules (Figs. 152, 155, 191, 201) are 
conspicuous structures of the nerve cells 
and show important changes in some 
pathological conditions. Nissl's granules, 
invisible in liNing or fresh material, are 
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of ihc spinal cord of a rabbit; a net of neuro- 
fibrils is Seen in the perikaryon and continuing 
into ibe processes; the nucleus appears as a pale 
disk. Bwlschou'aky.method. 500 X- (A.A.M.) 

best demonstrated by one of the selective 
methods of staining devised by Nissl, as 
toluidin or thionine blue or other basic 
aniline dyes. Thus treated, the granules 
appear intensively stained, much like the 
chromatin of the nucleus; the intervening 
channels are filled with the neurofibrils 
which in Nissl’s technic remain practically 
unstained (compare Figs. 152 and 153). 

The physiological significance of the 
chromophil substance is still undeier- 
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mined. It is absent from certain neurons 
and from the axis cylinders. Possibly it 
represents reserve material easily util- 
izable during the activity of the nerve cell 
— a view supported by the marked 
clianges observed in the chromophil gram 
ules under varying physiological and 
pathological conditions. 

Tfie chromopJiil granules are clisfrihuted in the 
entire cell body except in its most peripheral 
layer and the zone immediately adjacent to the 
nucleus. They are also present in the dendrites 


Nissl’s reaction or retrograde degeneration, or 
primary irritation of the nerve cell (p. 220). 

The study of Bensley and Gersh with llie 
freezing-drying method is in fa\or of the view 
that the NissJ substance is not distributed homo- 
geneously in tlie living cell (Fig. 15S), With the 
aid of ultraviolet microscopy and the use of ribo- 
nuclease, Gersh and Bodlan have shown that 
ribose nucleoproteln is one of the main constitu- 
ents of the Nissl substance, llydens, using similar 
technics, believes in a nucfeo/ar origin of this 
material. 

Golgi Apparatus. The intracellular reticular 
apparatus of Golgi (Fig. 156) is present in all 



Fig. 154 Two bipolar cells of a ganglion from an eight-day chick embryo cultivated in vitro 
for seven days. Unretouclied photograpli of the living cells showing neurofibrils. 1650 X- After 
Weiss and Wang, 1937. (Courtesy of The Wistar Press.) 


hut absent from the axon and its origin from 
the cell ba<I), the avon-hillock.. The form, size, 
and distribution of the chromoplul granules vary 
in the extreme, appearing in as many patterns 
as there arc varieties of nerve cells (Nissl), As 
a rule they are coarser and more abundant in 
large cells, especially motor ones, and quite 
scarce and fine in small cells of the granular 
type. Under different physiological conditions, 
as rest and fatigue, the granules change their 
aspect. I n pathologi caL-Ptflcesses t hey mav b e 
and disapnear. Their disappearance 
may be the consequence either of direct injury 
to the cell body or to the axis c) Under anywhere 
along its course, and is called c^omotalysi s or 
t/grpbais (Fig. 201) ; the process that brings it 
"^feulTif caused by injury to tl.e axon, w called 


nerve cells and appears as a network of black, 
irregular, wavy threads and bands, coarser than 
the neurofibrillar network. The form of (ids 
organoid vanes considerably in different types of 
neurons. 

It is necessary to point out the difference be- 
tween this intracellular reticular structure and 
another network, the pericellular net of Cajal and 
Golgi. The latter surrounds the body of the nerve 
cell from outside; it is essentially of neuroglial 
origin and is, therefore, not part of the neuron. 

Mitochondria. The mitochondria are minute 
rodlike or filamentous structures scattered every- 
where between the Nissl’s granules and neuro- 
fibrils (Figs. 157, 163). They can be demon- 
strated in many fresh nerve cells by supravital 
staining. Their number varies from a few to many. 



THE NERVOUS TISSUE 


185 


Ccntrosome, The cenirosome is a spherical 
structure characteristic of the immature, multi- 
pl)ing nerve cells during the early stages of 
emhrjonic development. In full) dev eloped, static, 
adult neurons, especially of the vertebrates, a 
typical ccntrosome is seen hut rarely. Most of 
the structures so designated have another sig- 
nificance 

Inclusions. Besides the structirrra mentioned, 
there are inclusions in the nerve cells which 
are less widespread and less constant. Bright 
tacuolcs have been described in the fresh nerve 
cells of lower animals. 1‘ipment granules arc fre- 
quently encountered. The coarse, dark-brown or 
almost black granules are undoubtedly melanin 
and axe found in certain cells onl), thus In the 
substantia nigra of the midbrain, in the locus 
coeruleus in the floor of the fourth ventricle, in 








Fig. 155 High power photomicrograph of an- 
terior horn nerve cell of the spinal cord of the 
rabbit, fixed by the freezing-dr)ing method, un- 
treated, undenatured, and stained with toluidin 
blue. After Bensley and Gersh. 


the dorsal vagus nucleus, and in the spinal and 
sympathetic ganglia Its physiological significance 
IS unknown. More frequent, especially in man, 
are fine lipochrome granules of yellowish color. 
They are probably a product of normal activity 
which remains within the protoplasm m a useless 
although noninjutious capacity. In favor of this 
view is the gradual increase in the amount of 
the pigment wiih advancing age. Fatty substances 
are encountered in the form of inclusions in the 
protoplasm of the nerve cells either as reserve 
material or as a product of normal or pathological 
metabolism. Glycogen is found in the ependyma, 
chorioid plexus and nerve cells of the embryonic! 
but not in a demonstrable quantity in the adult 
nervous tissue. Iron-containmg granules arc found 
m the nerve cells of the substantia nigra, the 
globus pallidus, and elsewbere. 

7 


Processes or Expansions. The proc- 
esses or expansions of the nerve cells are 
their most remarkable characteristics. In 
almost ever)’ one of the many varielies of 
neurons there are two kinds of processes; 
the dendrites and the axis cylinder. 

The dendrites or the protoplasmic proc- 
esses (Figs. 150) are direct expansions of 
(lie body. Nissl’s chroniopliil granules and 
mitochrondria are found in the thicker 
portions of the dendrites (Figs. 152, 155, 
203). A neuron usually has several main 



sublingual nene of a rabbit showing the intra- 
cellular reticular apparatus; B, similar cell four 
days after cutting the nerve. Redrawn after 
Marcora. 

dendrites; more rarely there is only one 
(Figs. 151, 539). At the point where the 
dendrites emerge from the cell body they 
are thick, rapidly becoming slender to- 
ward their ends. Each dendrite usually di- 
vides into primary, secondary, tertiary 
and more branchlets. These are of the 
most varying shapes and sizes, distributed 
in the most diverse ways; but they are 
typical for each variety of neuron. As seen 
in Golgi preparations the surface of many 
dendrites is covered with a great number 
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of minute, thorny “spines,” also called 
“gemmules,” giving the dendrites the ap- 
pearance of a test-tube brush. Tliese 
“spines” and other similar terminal twigs 
often serve as synaptic organs. In the ma- 
jority of the neurons the dendrites are 
short and are confined to the immediate 
vicinity of the cell body. The number, 
length and arrangement of the terminal 
twigs of the dendrites vary in the extreme 
and are not directly dependent upon the 
size of the perikaryon. Tlie pattern and 
the size of the dendrites are characteristic 
for each variety of neuron. 

The dendrites, through their synapses 
with the axon endings of functionally re- 
lated neurons, receive nervous impulses 



Fig. 157. Nerve cell body of a rabbit showing 
mUoebondtia Redrawn after Sebirokogorow. 


from other neurons. The dendrites are, 
with the perikaryon, the chief receptive 
organelles of the neuron. 

The axis cylinder or axon differs con- 
siderably from the dendrites. While there 
are usually several dendrites, there is only 
one axis cylinder to each neuron (a, in 
Fig. 150). This process often arises from 
a small conical elevation on the cell body, 
devoid of Nissl’s granules, called axon- 
hillock (Fig. 152) . The axon does not 
contain Nissl’s granules and usually is 
thinner and much longer than the den- 
drites of the same neuron. The axon never 
has “spines” and is, therefore, of smooth 
appearance. It becomes gradually, almost 
imperceptibly, more slender toward its 
end. 


Along its considerable course the axis 
cylinder may or may not emit collateral 
branchlets (Fig. 150) . The chief arboriza- 
tion, however, is at the end of the main 
branch and is called axon ending (also 
telodendron) (e in Fig. 150; Fig. 539). 
It is composed of primary, secondary, and 
other branches and buds varying greatly 
in number, shape and distribution. Often 
its branches are assembled into baskets 
that surround the body of the related 
neuron, or they twist around the dendrites 
of the latter. In simpler cases one or two 
twigs of an axon ending just touch the 
surface of a dendrite or the body of an- 
other related neuron (Figs. 193, 539). 

The axon normally receives nervous ex- 
citations from its own cell body, and thus 
from its dendrites, or directly from the 
dendrites where these are continuous wth 
the axis cylinder of its own neuron (as in 
the second s ganglion from the left, in Fig. 
539). It transmits the excitation through 
its ending to other neurons or to effector 
cells, as muscle fibers or glandular cells. 
There are as many modes or types of axon 
endings as there are varieties of neurons 
(Figs. 193, 539) . Moreover, the same axis 
cylinder may terminate in several dif- 
ferent ways and be synaptically connected 
with several different neurons (Fig. 539) . 

Some exceptions to these features char- 
acterizing dendrites and axons are en- 
countered, as in the peripheral sensory 
neurons of the spinal ganglions (Figs. 
158, 160). In these the afferent fiber in 
the adult has all the earmarks of an axis 
cylinder although genetically and func- 
tionally it behaves in the same way as do 
the dendrites in most other neurons. 

Forms anti Varieties of Neurons. Depend- 
ing on the number, length, thickness, and mode 
of branching of the processes, and also on the 
shape, size, and po«ition of the cell body, and on 
the synaptic relationships, an infinite number of 
types of neurons can he distinguished in the 
nervous system. In general, the neurons may 
possess axis cylinders of considerable length that 
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leave tlie place of tlieir origin in the grav sul>* 
stance anti traverse the so-calletl “white or fibrous 
mass,” or become periplicral nerve libers, and 
terminate at some distance in another locality. 
Such are termed Golgi type 1 neuron with the 



F/g. 153. A co/leclion of cef/s from the eauRF®” 
of the trigeminus of the embrjonic guinea pig, 
to illustrate various stages in the transformation 
of bipolar neuroblasts into unipolar ganglion 
cells. After van Gehuclilen. 

long axon (Figs. 151, A; 539, m, n, o, p, «). To 
this type belong all of the peripheral nerves and 
neurons whose axis cylinders form long fiber 
tracts of the brain and spinal cord, fn other 
neurons the axis cylinder is relatively short and 


Tbe shape of the cell bodies is variable; it 
Diav be spherical, oval, piriform, spindle-shaped 
or polyhedral. Tlie shape is determined by the 
mechanical pressure of surrounding structures, 
by the number, sue, and place of origin of the 
processes, by the internal organization of the 
cell, but above all by the requirements of func- 
tion. The absolute size of tlie neurons lihewise 
varies between extreme I/nuls, from midgets to 
lho«e of giant sire. 

Tbe unipolar neuront are the nerve cell s th at 
have a single proecs*. tlie axon Itiey do not 
possess dendritic processes. In the central nervous 
system suc/i neurons are rare, except m early 
embryonic stage (Figs. 199, 200). In the himloT 
neurons each cell has one main dendrite and 
one axis cylinder projecting from opposite ends 
of the fusiform body. Typical bipolars are found 
i n the retina (Figs. 537, 539), in the vestibular 
and cochlear ganglions, and in the olfactory nasal 
epithelium. In vertebrate embryos all neurons 
of the craniospinal ganglia are at first bipolar 
(Figs. 151. 198); during further development 
they undergo changes (Fig. 158), resulting in 


cp 



Fig. 159 Three ceils from the nodose gan^idn of the vagus nerve of man, A and B, with two 
T-shaped dividing processes; cp. Capsule; S, satellites; cell C has looped processes. Redrawn after 
Ramon y Cajal. 


does not leave the confine** of the gray substance 
"here its body ties These represent Golgi type // 
neuron wiih ihe short axon (Figs. 151, B; 539, 
c, d, e, f, h, I, t) Such neurons are e«peciallf 
numerous in the cerebral and cerebellar cortex 
and in the retina. 


the peculiar forms described below. The single 
proeexv sliown by most of these cells does not 
represent a simple axon; because of this these 
dements may be called pseudo-unipolar (Figs. 

159, 160). 

fo the i pultirol^ neurons, representing by 
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far the great majority of neurons, the shape is 
JefeffniRed hy the number and arrangement of 
their dendrites (Figs. 150, 151). The.stor.sfioped 
neurons are the motor cells of the ventral gray 
columns or anterior horns of iljo spinal cord 
(Figs. 152, 1S6>. The piramidal neurons (Figs. 
ISl, A; 191, 201) ate one of the characteristic 
elements of the cerebral cortex. In these a thick, 
trunhUke dendrite projects from the tippet end 


dendrites covered with a multitude of liny 
“spines.” The large dendritic tree-top is confined 
to a narrow zone*, it le'emhles'a richly arfaorired 
fan oriented across the longitudinal axis of one 
of the cerebellar convolutions and vertical to its 
surface. The axis cylinder enters the white sub- 
cortical mass. 

Many more varieties are found both in the 
cerebral and cerebellar cortex and elsewhere, 



0 


Fig. 160. A, A cell from tlie ganglion nodosum of the vagus nene of man, with several short 
processes ending in splieiical enlaTgemenis, fi, Mature cell from a spinal ganglion of a sheep; its 
process originates from numerous anastomosing loops. C, Fenestrated cell from the ganglion nodosum 
of a seventy>ear-o)d man; t}je netJAe bodf is cowed with numerous, short, toothed processes of the 
cytoplasm Ic), among which are found satellite cells (6); see p. 205; n, axon. Redrawn after 
Ramon y Cajal. 


of the cell body, and, tn its vertical course, 
reaches the superficial layers where it splits into 
a tassel, the so-called “apical dcnJnte.” Other 
dendrites arise from the lower end of the body~- 
the basal dendrites. Tlie axis cylinder emerges 
from the base and passes into the subcortScBl 
while mass. 

Of remarkable shape are Parkinje’s cells ia ibe 
cerebellar cortex. In these, from the upper end 
of the body arise two thick, rapidly dividing 


among which are conspicuous diminutive granule 
cell*, especially cliaracterislic of the receptive 
sensory areas, as the striate area (visual), the 
region around the central sulcus (part of the 
sensory-motor cortex) and of the transverse tem- 
poral convolutions in the Sylvian fossa (audi- 
tory). In these the few short dendrites radiate in 
all dmetions, while the axis cylinder and its 
branches are also confined to the immediate 
neighborhood of the cell. This variety exemplifies 
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neuron type II of Golgi with the short axon. 
To the same type belong also many other neurons, 
as the asieriform and basket cells in the cerebellar 
cortex and the horizontal cells in the retina (Fig. 
539, c). 



a single process arises which divides like the 
letter T into a peripheral or dendritic branch 
that becomes the axon of a peripheral sensory 
nerve fiber, and into a central or axonic branch 
which is the axon of a sensory posterior root 
fiber that terminates in the central nervous sys- 
tem. Although unipolar, these neurons are physi- 
ologically bipolar. The initial single expansion 
and both central and peripheral branches are 
enveloped in myelin and Schwann's sheaths. The 
body of each cell is enveloped by two cellular 
capsules. The inner is made up of small, flat, 
epithelium Me satellites or Schwann’s cells con- 
tinuous with similar cells enveloping the per- 
ipheral processes. The outer capsule is formed by 
a special modification of the inlerstiiial connec- 
tive tissue, with a thin structureless membrane 
as an inner layer, A dense capillary network is 
present in the capsule of each cell. The capsule 
is made up of collagenous fibers and fibroblasts 
arranged concentrically. It extends along the cel- 
lular process, becoming continuous with the endo- 
neuilum of the nerve fiber. 

The few examples described above give but an 
incomplete picture of tlie wealth of the varieties 
of neurons. Many more have been discovered by 
numerous investigators, especially by Ramon y 
Cajal and his pupils, but probably many more 
remain unknown. It is apparent from the above 
that each ganglion or cortical area is composed 
of a multitude of varieties of neurons differing 
from place to place, and occurring side by side. 

THE NERVE FIBER 

The nerve fiber, in the conventional 
sense (Fig. 161), is the axis cylinder or 
axon of a nerve cell with its enveloping 
neurolemmal and myelin sheaths (where 
the latter is present). In the fresh condi- 
tion the nerve fiber appears as a homo- 
geneous, shiny, and slightly yellowish lube 
with thick walls. Various histological tech- 
nics reveal in its center a continuous 
smooth gray stripe, the axis cylinder, 
wrapped in one or two sheaths (Fig. 161). 
In cross sections the unstained myelinated 


nerve fibers appear as small or large cir- 
des with sharp outlines formed by the 
highly refractive neurolemmal sheaths, 
and with darker spots in their centers 
w’hich are the axis cylinders (Figs. 168, 
171). The myelin sheaths in untreated 
preparations remain invisible. The ap- 
pearance of the various constituents of 
the nerve fiber differs according to- the 
technic applied: the vital melhylene-blue 
and the various silver methods slain the 
axis cylinder blue, brown or black; Wei- 
gert’s and similar methods stain the 
myelin sheath alone. 

The Axis Cylinder. The axis cylinder 
or axon is a thin thread of fairly uniform 
thickness and smooth appearance. In the 
periphery, at fairly regular intervals, at 
the constrictions of Ranvier (p. 192), it is 
thinner than between the constrictions 
(Fig. 161). The axon 3s a direct con- 
tinuation of the protoplasjn of the cell 
body. It does not possess a special mem- 
brane of its own, nor is the superficial 
zone of its substance denser than its core. 
At Ranvier’s constrictions its substance is 
more viscous or solid than in the inter- 
strictural portions. 

The fresh axis cylinder appears homo- 
geneous. However, when treated with 
selective methods (vital methylene blue, 
methods of Cajal or Bielschowsky, obser- 
vation of living tissue cultures), the pres- 
ence of neurofibrils and of the undifTer- 
enliated axoplasm is revealed. Each 
neurofibrtl is directly continuous with the 
neurofibrillar network of the cell body. 
There are no Nissl granules in the axis 
cylinders. Some have reported the pres- 
ence of mitochondria in the axon near its 
origin on the cell body. 

The axis cylinder conducts nervous im- 
pulses from the body of a neuron, and 
llius from its receptive dendrites, to some 
effector organ, a muscle or a gland. In 
the process of conduction the enveloping 
sheaths act as insulators. The axis cylin- 
der carries the nervous influences to dis- 
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tant regions of the body — as from llie 
cells of the cerebral cortex to the motor 
cells of the anterior horns of the spinal 
cord, and, as the peripheral neuron, from 
these to the various muscles,* and other 
tissues. 

Schwann’s Sheath or Nciiroleinma. 
This is a delicate, transparent, nonelastic, 
tubelike membrane which, in the periph- 
eral nerve fibers, envelops the axis cylin- 
der (Figs. 150, IGl, 102). In those nerve 
fibers that also possess a myelin sheath 
the o eurolemma is the outermost. It 
composed of SeZ/uann’s rfills that, like the 
links of a chain, follow one another along 


of complex lipoids which increase greatly 
with advancing age and even more so in 
pathological conditions. 

Like the neurons, Schwann’s cells are of 
ectodermal origin. They can be consider ed- 
tbp- “ppt^pImraLji mirngtj a” that have 
left the central nervous system and have 
become adapted to the special conditions 
of the peripheral nervous system (Harri- 
son). As the peripheral axons grow, em- 
bryonic cells of Schwann follow them, 
enveloping one segment after another, and 
freely migrate from branch to branch or 
from axon to avon, until they form the 
complete neurolemmal sheaths (Speidel). 


Torn area showing 

Constriction of Ranuler Fibroblast Schwann's sheath 



carmine and teased. 330 X- (A.A.M.) 


every peripheral nerve fiber from its be- 
ginning, at the spinal root or in some gan- 
glion, almost to its peripheral termination. 
Each Schwann’s cell, with its flat and oval 
nucleus surrounded by protoplasm con- 
taining a Golgi net and mitochondria 
(Fig. 161, p and s in Fig. 1621, envelops 
a segment of axis cylinder. In myelinated 
nerve fibers the consecutive segments are 
separated from one another by a constric- 
tion of Ranvier, where the adjoining seg- 
meats merge (Fig. 161). The ncurolerama 
does not belong to the connective tissue hut 
is a membrane similar to sarcolemma. It 
occasionally contains granular inclusions 


Schwann’s cells are indispensable for 
the life and function of the axons of the 
peripheral nerve fibers. They probably 
are important in the metabolism of the 
axon. In axons that do not possess myelin 
sheaths they possibly also serve as in- 
sulators, preventing the diffusion of the 
nerve current passing through the axon. 
In the process of regeneration the newly 
built axon always grows out of the central 
stump which remains continuous with the 
cell body of the neuron, and spreads along 
the bridges formed by Schu'ann’s cells 
(p. 222). In tissue cultures, Schwann’s 
cells may transform into macrophages. 


the nervous tissue 
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Fig 162. A nerve fiber from tbe cauda equina 
of a cat: S, Large Schwann's cell, witli its 
nucleus, p. and granular protaplasm. Redrawn 
after NemilofT. 

The Jlyclin Shealli. Nerve fibers 
whicli have a myelin sheath are called 


myelinated or medullated nerve fibers 
(Fig, 161) . The myelin is a complex, Utile 
known mixture oi various lipoids, the 
most important being cholesterol, besides 



FI". W3- Myelinated nerve fiber from the cen- 
tral nervous system of a guinea pig In the center 
is the axis cylinder. In the protoplasmic net- 
worV, wtiicli penetrates' the myelm substance and 
forms a funnel shaped cleft, are granular mito- 
chondria. Redrawn after Nageoite. 

certain corebrosides, piiospholipin? and 
fatly acids. Most of the myelin is soluble 
in lipoid solvents. In fre^b unstained 
nerve fibers inyeliit iornvs a glistening en- 



Fig. 16L Silvered, myelinated nerve fiber from 
the sciatic nerve of a frog showing a cross 
of Ranvier: Q, Cross plate (cementing ring), 
A\ spiny bracelet of Nageotte; A, axis cylinder; 
SS, neurolemma. 740 X- After Schaffer. 

velope around the axis cylinders. It h this 
property of myelin that is responsible for 
tbe while color of the fiber masses of the 
brain, called white substance, and of parts 
of the spinal cord and numerous periph- 
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eral nerves. The myelin sheath is non- 
elastic. 

Schmitt, Bear and Palmer, on the basis 
of A;-ray diffraction patterns, describe the 
myelin sheath as “being composed of con- 
centrically wrapped layers of mixed 
lipides alternating with thin, possibly uni- 
' molecular, layers of neurokeratinogenic 
protein material. Within the layers the 
lipide molecules are oriented with paraffin 


lire myelin sheath as far as the axis cyl- 
inder (Fig. 163). Whether these trabecles 
merge into a distinct envelope, the axolem- 
ma of Mauthner, separating the axon from 
ihe myelin sheath, is not certain. If the per- 
ipheral nerve fiber gives off collateral 
branches this ahvays takes place at a Ran- 
vier’s constriction (Fig. 170, C). 

In fixed preparations of the peripheral 
nerves the myelin of each segment is in- 



Fig. 165. A mjelinated nene fiber from the ventral column of the white matter of the spinal 
cord of a cat; the axis cylinder is surrounded by a myelin sliealh enveloped by neuroglia fibers. 
Redrawn after Paladino. 


chains extending radially and with polar 
groups in the aqueous interfaces, loosely 
bonded to those of the protein. . . , The 
specific structure of the sheath is rela- 
tively insensitive to the action of tempera- 
ture, ‘"ele'clrolyles, and detergents,” 

In contrast to the continuous neuro- 
lemma, the myelin sheath of a nerve fiber 
is completely interrupted at fairly'regufar 
intervals by circular constrictions of Ran- 


terrupted by oblique partitions, the in- 
cisions or clefts of Schmidt-Lantermann, 
several to each Schwann’s segment (Fig. 
161). The clefts have been seen in teased 
fresh nerves of rats. Many nerve fibers in 
the brain and spinal cord, especially those 
that form the white subcortical substance, 
have myelin sheaths but lack the neuro- 
lemma, for which is substituted neuroglia, 
particularly the oligodendroglia (Figs. 



Fig. 166. Remak’s sympathetic nerve fibers of a cat, leased and stained with hemalin. Redrawn after 
Ramon y Cajal. 


vier (also called “nodes”), and is thus 
divided into cylindrical segments These 
are shorter in the terminal portion of the 
fiber. The length varies in different nerve 
fibers and in different animals from 50 to 
1000 microns. The thicker the fiber, the 
longer are the segments. Each segment 
consists of one neurolemmal cell of 
Schwann. The protoplasm of the cell is 
seen with some stains as a complex net of 
thick and thin trnhecles pervading the cn- 


165, 188, D). Both Ranvier’s constrictions 
and Schmidt-Lantermann’s clefts seem to 
be absent in the brain and spinal cord. 

The question of the origin of myelin has been 
variously answered Some think it is the product 
of Schwann’s neurolemmal cells (in the per- 
ipheral nervous system), or of the neuroglial 
cells fin the brain and spinal cord). Others 
consider that the myelin is the product of the 
axis cylinder and is. therefore, a part of the 
ocuron itself. However, certain observations, as 
the fact that the bodies of cells of the spiral 
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ganglion of the acoustic nerve are enveloped by 
mjelm hushs whose structure resembles neu- 
roglial husks elsewhere, are difficult to reconcile 
vyjtlt the latter opinion. In any case, there is 
little doubt that the neurolemma and the neu- 
roglia are indispensable for the formation of 
myelin (p. 218). Likewise, in palholoiUcal 
processes, whenev er a neuron and its axis cylinder 
are affected, both the neurolemmal and the myelm 
sheaths undergo reactive changes; in the central 
nervous system the neuroglial cells react in addi- 
tion to the myelin sheaths fp. 222). 

The myelinated nerve fibers are characteristic 
of the vertebrate nervous systern. In lower animals 
they are rarely present. During ontogenesis the 
myelin appears relatively late and the proceis of 
myelinization ends only some time after birth. 
Different fiber systems or tracts of the brain and 
spinal cord become myelinated at different times 
(Flechsig) . 

Numerous, mostly thin, axis cylinders 
in the peripheral nervous system, espe- 
cially in the sympathetic, have only a neu- 
rolemmal sheath, the myelin being absent. 
These are gray in color and difhcult to 
demonstrate with ordinary technic. They 
can be seen more easily when stained with 
the vital methylene-blue method or wih 
silver. These unmyelinated nerve fibers 
are known as Remak's fibers (Figs. 166, 
167). However, studies with polarized 
light indicate that many apparently naked 
fibers may possess traces of mjelin. 

The probable function of the myelin 
sheath is to improve the insulation of the 
axis cylinder against the loss of nervous 
current traversing it during its activity, as 
compared with the naked axon wrapped 
only in the neurolemmal sheath. Precisely 
how the insulation is achieved, and what 
chemical and ph)sical interactions lake 
place between the axon and the various 
sheaths during the active nervous process 
and in the exchange of nutritive materials 
are unknown. 

Physiological Properties of llie 
Nerve Fiber, The nerve fiber is essen- 
tially a highly irritable conductor. Along 
it the dynamic nervous excitation propa- 
gates in waves at a relatively high speed 


(up to 150 meters per second), faster in 
myelinated than in naked axons. During 
the conduction of excitation the activity of 
one portion of the axon serves as a stim- 
ulus activating the next portion, and so 
on. As the nerve fiber becomes active it 
changes its electric potential, the outside 
of each active portion becoming negative 
relative to resting portions. Action cur- 
rents then flow between active and rest- 
ing regions. When artificially stimulated 
the nerve fiber increases its metabolism 
(Gerard, 1932). 

The following features are characteris- 
tic of the activity of the nerve fiber or 
axis cylinder: (1) Like the living sub- 
stance in general, it possesses irritabililyt 
or the ability to respond to various stimu- 
lating agents, and conductivity, or the 
ability to transmit impulses from point to 
point. (2) To act as a transmitter the 
nerve fiber must be anatomically continu- 
ous and physiologically in an appropriate 
condition. (3) After the passing of the 
impulse the fiber remains for a short time 
unexcitable (“refractory period”) . (4) 
Although under normal conditions the im- 
pulse always travels in one direction, that- 
is, from the perikaryon or dendrites to- 
ward the axon ending, when artificially 
stimuiated, an impulse propagates from 
the stimulated point in both directions 
along the axon, toward the perikaryon 
(“antidromic conduction”) and away 
from it, toward the axon ending. (5) The 
impulse normally remains confined to the 
stimulated axon, spreading only along it 
and its branches (insulation of the im- 
pulse) ; it can reach other neurons through 
special points of contact, the synapses. 
(6) The impulse traveling along an axon 
can be weakened temporarily or blocked 
by the local action of heat, cold, pressure, 
electric current and by many drugs (anes- 
thetics, narcotics). (7) Any stimulation 
intense enough to cause the axon to re- 
spond calls forth the maximum discharge 
of which the axon is capable (“all or 
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nothing law”) . The varying intensity of 
the stimulus is expressed by the frequency 
of single like discharges. 

The properties of simple nervous con- 
ductors, as listed above, differ profoundly 


forming peripheral nerve trunks and their 
branches (Figs. 167-171). Where most of 
the nerve fibers are myelinated, they are 
characteristically white and glistening in 
appearance, as in the craniospinal nerves. 



Fig. 167. A cross section of a sympathetic nerve of an ox.' Redrawn after Ramon y CajaL 


in several respects from those of the syn- 
aptic gray nervous substance of the brain, 
the spinal cord and the ganglia, as dis- 
cussed on p. 214. 


The ichite matter of the brain, the various 
bundles of the brain stem, the core of the 
cerebellum and the white columns of the 
spinal cord, consist mainly of myelinated 



Fig. 168. Portion of a cross section through a branch of the median nerve of man. 380 X- After Schaffer. 

Nerve Fibers as Constituents of nerve fibers; here there are few, if any, 
Periplieral Nerves, Brain and Spinal nen-e cells. The gray matter, found in 
Cord. In their peripheral course oul*iidc both the cerebral and cerebellar cortex, in 
the central nervous system, both myelin- the basal ganglia of the brain, in the 
aled and unmyelinated nerve fibers are numerous nuclei of the brain stem, in the 
bound into bundles by connective tissue, gray columns of the spinal cord, in the 



THE NERVOUS TISSUE 


195 


peripheral ganglia and in the retina of the 
eyes, is chiefly composed of the bodies of 
numerous nerve cells, their dendrites, and 
the initial and terminal unmyelinated por- 
tions of axis cylinders. The nerve fibers 
oi some sympathetic nerves are mostly 
Remak’s unmyelinated gray fibers. Both 
white and gray matter contain neuroglia 
and blood vessels, although these elements 
are more abundant in the gray matter. In 
certain regions of the central nervous sys- 
tem the constituents of both while and 


by connective tissue. The outer layer of 
the latter, the epineurium {Figs. 168, 
169) , is made up of connective tissue cells 
and of collagenous fibers, mainly ar- 
ranged longitudinally. Fat cells may also 
be found here. Each of the smaller fas- 
cicles of a nerve is in turn enclosed in a 
membrane of dense, concentric layers of 
connective tissue called perineurium 
(Figs. 108, 169). From this, fine longi- 
tudinally arranged strands of collagenous 
fibers, fibroblasts and fixed macrophages 



Fig. 169. Portion of a cross section through ihc sciatic nerve of a newborn. 42 X- After Schaffer. 


gray substance are mixed in various de- 
grees, as along the sides of the thalamus, 
in the subthalamus and hypothalamus, in 
the tegmentum of the brain stem and at 
the junction of the anterior and posterior 
gray horns of the spinal cord. Such re- 
gions are called reticulate substance or 
reticular formation. 

The peripheral nerves are composed of 
fascicles of nerve fibers of varying thick- 
ness (1, 2 and up to 30 microns) and of 
varying degrees of myeUnization, with or 
without unmyelinated fibers, held together 


pass into the spaces between the indi- 
vidual nerve fibers; this is the endo- 
neurtum. Where the nerve trunks divide 
into branches the connective tissue sheaths 
become thinner. The smaller branches 
show no epineurium and here the peri- 
neurium cannot be distinguished from the 
endoneurium, being reduced to a thin, 
transparent, fibrillated membrane covered 
with flat connective tissue cells resembling 
endothelial cells (Fig. 170, H) whose out- 
lines can be demonstrated with silver. 
From thb membrane filaments extend to 
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wrap around each nerve fiber, thus form* 
ing the delicate endoneural or connective 
tissue sheath of Key and Retzius, a net- 
work of elastic fibers attached to tlie 
neurolemmal sheath of Schwann. This 
sheath_is_al so knoAvn as t he__s heath of 


structure. The fibers of each of these com- 
ponents or systems connect peripherally 
with similar end organs and cenlrallv 
witli a common type of adjustor, sensory, 
motor, and the like. Such histologically 
defined fiber aggregates are therefore 


Henle ^^l though he cal led_it neurilemma, functional systems: tactile, gustatory, so- 
Blood vessels are embedded lnrtlie~^ineu- — matic motor, visceral motor, and so forth. 


rium and perineurium and in the thicker 
layers of endoneurium. 

The following rule on the functional 
characteristics of the nerve fibers holds 


In some, characteristic electrical proper- 
ties recorded during activity and different 
from those of other functional fiber sys- 
tems, have been demonstrated. Although 



Fig. 170. Nene trunk of a frog; treated with silver nitrate: N, Nene fibers; R, dark crosses 
at the constriction of Ranvier; S, nuclei of Schwann’s cells; H, nuclei of the cells of the sheath of 
Key and Retzius; a, border lines stained in black between the flat connective tissue cells (peri- 
neurium), which surround the entire nerve trunk; c, branching of the nerve fiber at a constriction 
of Ranvier. Redrawn after Ramon y Cajal. 

good: the motor nerve fibers of the skele- 
tal muscles are thick and heavily myelin- 
ated, those of the smooth visceral mus- 
cles are thin and lightly myelinated or 
without myelin, those of tactile sensibility 
are of medium size and moderately myelin- 
ated, those of pain and taste are thinner, 
with less myelin or none at all, and those of 
the olfactory nerve are always unmyelin- 
ated. The mixed cranial nerves have 
been analyzed histologically into compo- 
nents, each with fibers of characteristic 


the analysis is incomplete, the composi- 
tion of functional components is more evi- 
dent in the mixed cranial than in the 
spinal nerves, and is in general the basis 
of our conception of functional localiza- 
tion in the nervous system. 

A particularly clear segregation of 
functionally different nerve fibers is found 
in the spinal roots. In general, each seg- 
mental spinal nerve contains in its ventral 
roots coarse, heavily myelinated somatic 
motor fibers for skeletal muscles and thin- 
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ner, more lightly myelinated or naked vis- 
ceral motor fibers for the sympathetic 
nervous system. Its dorsal roots contain 
cutaneous fibers of several types, as those 
of deep sensibility, proprioceptive fibers 
from muscles and tendons, and afferent 
fibers of visceral sensibility from the sym- 
pathetic system. More than half of the dor- 
sal root fibers are naked axons and most 
of these are distributed ivith the cutaneous 
rami. The relative number of myelinated 
and unmyelinated fibers varies widely in 
different spinal segments and in the same 
segment of different mammalian species. 
In the mixed trunks peripheral to the 
spinal ganglia the fibers of the motor and 
sensory roots mingle, and to those arc 
added sympathetic fibers from the com- 
municant rami (Figs. 160, 171). The 
myelinated fibers of various sizes are 
readily identified by the clear zones of 
unstained myelin surrounding the darkly 
stained axis cylinders. The unmyelinated 
fibers tend to as'^emble in small fascicles. 
Some of these are sensory fibers from the 
spinal ganglia, others are postganglionic 
sympathetic fibers. 

In the central nervous system, in the 
brain and spinal cord, numerous nerve 
fibers are also segregated into functional 
systems. Such are especially the afferent 
and efferent pathways (cortico-spinal, 
corlico-nigral, spino-cercbellar, spino-thal- 
amic and many other fiber tracts). Each 
of these has a special function, partly 
\sell known, partly still obscure. 

The Peripheral Nerve EtMlings. 
Each peripheral nerve fiber, be it sensory, 
motor or secretory, sooner or later termi- 
nates in some peripheral organ with one 
or ^eN'eial terminal arborizations. Some 
nene fibers spread as free endings among 
the non-nervous tissue cells, others are at- 
tached to these by means of complicated 
structures. The nerve terminals can be di- 
vided into two groups according to their 
main function; (1) receptors, which re- 
ceive sensory impulses either from out- 


side the body or from other tissues, and 
(2) effectors, which transmit impulses to 
various organs of response, as muscle 
fibers or glandular cells. The nerve fibers 
ending as receptors are homologues of 
dendrites; those with motor or secretory 
endings are homologues of axis cylinders 
and their terminations are equivalent to 
Iclcdendrons. In general, the structure of 
the nerve endings is adapted to increase 
the protoplasmic surface of contact be- 
tween the neuron and its related non- 
nervous element. The chemical-physical 
changes which mediate the transfer of the 


Fig. 17i. Pliolomicrograph from a cross section 
of a human medial cutaneous nene, prepared by 
Davenport’s reiluced siUer meiliod and kindly 
furnished by S. W. Ranson. 450 X- 

various “sensory” stimuli from, or of the 
efferent impulses to, a peripheral non- 
nervous organ have been tbe subject of 
intense investigation (see p. 212). Ac- 
cording to the tissue, three groups of 
nerve terminations can be distinguished; 
(I) endings in muscle, (2) endings in 
epithelium, and (3) endings in connective 
tissue. 

A’ercc Jindin^r* in 5»tool/j anti Cardiac 
/tlusth. These belong to the unmyelinated or 
Remaks type of fibers. Froni complicated 
plexuses very thin nene fibers are given off 
that eventually come in contact with the sur- 
face of the muscle cells. Some of these, the sym- 
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pathetic motor endings (Figs. 172, 173J, termi- 
nate here by means of one, two or more terminal 
sweilings. Possibly, some even penetrate the sub* 



Fig, 172. Nerve emlings (n) on the smooth 
muscle cells (m) of an artery from the vascular 
membrane of a rabhil'a eye. Redrawn after 
Retzius, 


contact with tlie muscle fibers themselves. In 
the*cardlac muscle lhe tissue is permeated by a 
multitude of thin fibers passing between the 
muscle trabeculae, on whose surface they form 
varicosities. 

TVriniiicitfoiis of the Myelinnied Somatic 
Motor iVerte Fibers on Striated- Muscles 
{Motor Flatcs)» These have a more complex 
structure (Figs. 174, 175), As the nerve fiber 
approaches tlie muscle fiber it loses its myelin 
sheath. Tlie connective tissue membrane of Key 
and Retzius with its nuclei extends over the 
surface of tlie sarcolemma and disappears. The 
neuralemma or the sheath of Schwann, accord- 
ing to some, also terminates abruptly in the sar- 
coiemma, while, according to others, it may run 
for a short distance within the plate. At the 
junction of the nerve and muscle fibers the sar- 
coplasm forms a mass that varies in form and 
size beneath the sarcolemma. This is the motor 
plate. It receives the naked axis cylinder which 
here breaks up into a number of terminal tamifica* 


Muscle bundles 



Nuclei of muscle fibers 


Nerve fiber 


Fig. 173. Smooth muscle spindles in small bronchial muscle bands. Cliild eight months old. Inlra* 
vitam methylene blue and borax carmine. Camera lucida. 356 X* Redrawn after larsell and Dow. 



Fi". 174. Motor end-plate from the tongue of the rabbit, showing the “perilerminal net” (r. p.) of the 
end-plate. Redrawn after Ramon y Cajal. 

stance of the muscle fibers. The sympathetic tions The deep layer of the motor plate adiacent 
sensory fibers spread fn the connective tissue to the contractile substance is Us sole. Here 
lietween the smoolli musck hmiits or »to in ron«an nucki may ha toond In larse nnmbars. 
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Fig, 175. Motor end plate o! a striated mu«le from the tongue of a young tat: m, Motor net(e fiber; 
a}, accessory fiber; “perilerminal net” likewise faintly visible. Redrawn after Boeke. 



Fig. 176. A sensory nene ending enveloping a fiber of an ocular muscle. Redrawn after Dogiel. 
JlfiJScJe of ap/nd/e tameffated sfieoth 



Fig. 177. Cross section of a double inu«cle spindle from a human tongue. 380 X, After Schaffer. 
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pathetic motor endings (Figs. 172, 173), ternil- contact with the muscle fibers themselves. In 
nate here by means of one, two or more terminal the. cardiac muscle the tissue is permeated by a 
swellings. Possibly, some even penetrate the sub- multitude of thin fibers passing between the 

muscle trabeculae, on whose surface they form 
varicosities. 

Tcrniirintions of the Myelinated Somatic 
Ufotor A'crrc Fibers on Striated- Muscles 
{Motor Plates), These have a more complex 
structure (Figs. 174, 175). As the nerve fiber 
approaches the muscle fiber it loses its myelin 
sfieatii. Tlie connective tissue membrane of Key 
and Retzius with its nuclei extends over the 
surface of the sarcolemma and disappears. The 
neurolemma or tlie sheath of Schwann, accord- 
ing to some, also terminates abruptly in the sar- 
colemma, while, according to others, it may run 
for a short distance within the plate. At the 
junction of the nerve and muscle fibers the sar- 
Fig. 172. Nerve endings (n) on the smooth coplasm forms a mass that varies in form and 
muscle cells (m) of an artery from the vascular size hencalh the sarcolemma. This is the motor 

membrane of a rabbilS eye. Redrawn after plate, h receives the nahed axis cylinder which 

Retzius. here breaks up into a number of terminal ramifica- 

fferoe endings 


Muscle 6und/es 


/Vuefef o/muscfo/’6ers Nerve f bet 

Fig. 173. Smooth muscle spindles in small bronchial muscle bands. Child eight months old. Intra- 
vilam methylene blue and borax carmine. Camera lucida. 356 X- Redrawn after Larsell and Dow. 



Fi". 174. Motor end-plate from the tongue of the rabbit, showing the “periterminal net” (r. p.) of the 
end-plate. Redrawn after Ramon y Cajal. 




slance ol tlie muscle fibers The sympathaic 

,m,on lli'" 'P™** 

ImlBfcji ihe smooth muscle bundles or tin! lo 


tions. The deep layer of the motor plate adjacent 
to the contractile 8ub«lance is its sole. Here 
muscle nuclei may he found in large numbers 
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Sensory Nerve Eiuluiss in Tciieioiu. Tliese 
are of several kinds, and are also either eimple 
or encapsulated. In simple forms the naked ner\c 
fibers and itieir brandies spread over ibe surface 
of the somewhat changed tendon fibers in small 


lo^calty llicy can be distinguished only in rare 
instances. The terminations in the epithelial 
layers of tiie skin and mucous membranes are 
regarded as sensory receptors, tiio«e in the epi- 
thelial glands partly as secretory, partly as sen- 



Fig. 179. Sensory nenous apparatus consisting of palisade-Iike terminal branches, located at the 
junction ol a muscle fiber with a tendon. Redraviti after Dogiel. 


treelike figures of different forms (Fig. 179). 
The composite forms, as the neutotendinal spin- 
dles, the organs of Golgi, re'emble the neuromus- 
culat spindles and are always found at the xery 
border ol the muscular tissue. 


n 



Fig. 180. Free nerve endings (n) tn ihe cpithe- 
Uuta (epl of a rabbit's cornea; c, conneclWe tis- 
sue of the corneal substance proper. Impregna- 
tion with gold chloride Redrawn after Ramon y 
Cajal. 

The physiological significance of the muscular 
and tendinous sensory apparatus ptobaMy is 
iheir responsiveness to various peripheral stimuli 
of general character, giving sensations of pain, 
pressure, and particularly of “niu=cle sen«e.” 

rtVrre fvrufmK* in Epftfiefinf Tusne. These 
are of both receptor and effector type. Histo- 


sory. The terminations of the cochlear and vestib- 
ular nerves are undoubtedly sensory in their 
function. The nervous cerminations in glands 
(lacrimal, salivary, kidneys, etc.) are all un- 
myelinated sympathetic fibers forming dense nets 
on the outer surface of the basement membrane, 
with branches penetrating the latter and often 
forming a second netvvork on its inner surface. 



Fig. 181. Merkel’s corpuscles in the stratified 
squamous epithelium (rf) of the skin of a pig's 
snout; a, tactile disks; c, tactile cells; b, sensory 
myelinated nerve fibers. Redrawn after Tretiakov. 

Tliey end between the glandular cells as very thin 
varicose threads. 

Free Sensory Epithelial Ending*. These are 
found in the epithelium of the cornea (Fig. 
180^, epiilielmm oi tiie mucous membrane of the 
respiratory passages, skin, and oral cavity, and 
are especially abundant in places which possess 
a well developed sensitiveness. In ilie epidenniv 
these branches do not penetrate farther than the 
granular layer. 
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The lamifications o{ the axis cylinder are ac- 
companied hy small, dark nuclei inierpreied as 
iho‘« of the neurolemmal cells of Schwann. Hie 



terminal arborization of the axis cylinder m » 
motor plate h beneath the sarcolemma (hypolero- 
inaU aod not over it (epdcmmal). 


Tlie so-cjlled ‘'accessory motor nerve fibers” 
(Fig. 175, a}) probably are somatic sensory fifaeig 
if not collateral branches of the somatic motor 
fibers. It is unlikely that they are of sympathetic 
origin and responsible for the tonus of the skele- 
tal muscles, as lias been claimed. On the other 
Iiand, the muscles are permeated by a rich sympa 
thetic plexus that is related solely to the blood 
vessels and connective tissue. The nature of the 
so-cailed "petitcrminal net” of Boeke in the 
muscle plate (Figs. 174, 17S), a structure sup- 
posedly bringing about the direct continuity of 
the neurofibrils and the substance of the muscle 
fibers, is obscure. Its existence is doubted or 
denied, or it is considered an artefact by some. 

5cn»ory JN'erre Endings in Striated il/u*- 
efes. Tlie«e are always present in considerable 
numbers. Some are located in the muscular tis- 
sue, others on tendons or at musculo-tendon 
junctions. Some terminations are simple, others 
complex. The inler'tiiial lerminalions are tho«e 
distributed in the connective tissue; the epilem- 
mal leminations are those that are in close con- 
tact with the muscle fibers but, in conltasi with 
the motor plates, remain on the surface of the 
sarcolcmma. The interstitial terminations may be 
simple naked branches of the axis cylinders or 
encapsulated structures. The epilemmal endinas 
likewise may be simple: one or mote tortuous 
axis cylinders, after* sJiedding their myelin sheath 
at approximately the middle of a muscle fiber, 
in close contact with tlie sarcolemma. envelop 
it by continuous circular and spiral twists. Tlieh 
varicose twigs terminate with nodular swellings 
(Fig. 1761. More complicated ate the so-called 
neuromuscufar apmrffes, found in higher verte- 
brates only (Figs. 177, 178). They are narrow, 
long (0.75 to 7 mm. or more) structures slightly 
thickened m the middle, arranged lenglhwive 
with the bundles of ordinary muscle fiber?, and 
pre?ent mainly at the junction of muscles with 
tendons. Each spindle consists of one or several 
long striated muscle fibers. They are enveloped 
by a connective tissue capsule. Each spindle U 
supplied by thin motor nerves that terminate at 
the muscle fibers of the spindle vvith typical 
motor plates. In addition the spindle is ap- 
proached by one or more thick sensory nerve 
fibers. Their axis cylindm, covered with a thin 
layer of Scliwann*s cytoplasm and nuclei, wind 
around the iijtracapsular portion of the axial 
muscle fibers and are in close contact with the 
sarcolemma, forming spirals (Fig. 178). The 
muscle fibers of the spindle? are dblinguished 
by their thinness, niiundanl sarcoplasm and ihcir 
periphexid nuclei;* in this they resemble the eo- 
calied “red mu'-cle fibers." 
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in the depressions between its papillae, in ihe 
external root sheath ol the hair, and elsewhere, 

Nerrc Entlinps in Coiinpclirc Tissue* These 
ate nuraetoua and of many forms, patliculatly 
in the derma, tinder the epithelium and ineso- 
thelium of the mucous and serous membranes, 
around the joints, in the endocardium and else- 
where. Tlie terminations of the somatic cerebro- 
spinal nerve fibers in the connects c tissue ate 
eitiier free or encapsulated endinps, or are con- 
nected with special tactile cells of epithelial ori- 
pin. More complex endings are in the skin and 
hypodermis, in mucous and serous membranes, 
endocardium, cornea, sclera, pctio«leura, and 
elsewhere. Nontncapiulated nerve glomerah are 
frequent in the papillary layer of the skin, in the 
connective tissue of tlie mucous membranes as 
that of the urinary bladder, in the peri- and 
endocardium, periosteum, and so forth. In these 
the terminal branches of the nerve fibers form 
spherical or elongated structures resembling 
glomeruli. 

ENcapsuInted Ter/rti»ioI Sensory Apparo' 
Cut. In these there is a special connective tissue 
capsule o! varying thickness surrounding the 
actual nerve endings. Tiie cap’-ule attains its 
greatest thickness in the ecrpuscUs cl Tater- 
Paeini (Fig. 182) . Terminations of this type are 
found in the deeper layers of the skin, under the 
mucous membranes, in the conjunctiva, cornea, 
heart, mesentery, pancreas, and in loo«e connec- 
the tissue in general. The size of these structures 
IS considerabie (I to 4 * 2 mm.) and they ate 
white. Each corpuscle is supplied with one or 
more thick myelinated fibers which lose their 
myelin. Their sheaths of Schwann and of Key- 
Retzius are continuous with the capsule. Of the 
same type ate the so called genital corpuscles 
found in the skin of the external genital organs 
and of the nipple, il/eissner’s corpuscles (Fig. 
183) are found in the connective tissue of the 
akin of tlie palms, soles, and tips of the fingers 
and toes. They arc elongated, pear-shaped or 
elliptical formations with rounded ends, located 
in die cutaneous papillae, witii the long axis 
vertical to the surface Their size varies (40 to 
100 X 30 to 60 n). The corpuscles cf Golgi- 
Mazzoni or the terminal bulbs of Krause are 
similar in structure to the corpuscles of Vater- 
Pacini but are smaller in size and simpler in 
construction (On terminations of the dendrites 
and axis cylinders in t!ie brain and spinal cord, 
see p. 209.) 

the AUTON03HC NERVOUS SYSTERf 

The autonomic nervous system is com- 
posed of numerous small ganglia, some of 


which arc arranged in two chains along 
the spinal column, and more of wiiich are 
scattered among other (issues of the body, 
aff being connected by an intricate system 
of nerve fibers. The autonomic nervous 
system consists of the parasympalheiic 
(craniosacral) and sympathetic (thoraco- 
lumbar) outfiotvs. 

The sympaihetic trunks and the ganglia 
contained within them, the vertebral 
ganglia, are the chief avenues of com- 
munication between the central nervous 
system and the outlying sympaihetic 
ganglionic plexuses. Each sympathetic 
trunk contains ganglia at the level of exit 
of most of the spinal nerves. The com- 
municflting branches (rami communi- 
cantes) pass between the trunk and the 
spinal nerves in these regions. 

AH the neurons of the central and the 
peripheral systems primarily concerned 
with the regulation of visceral activities 
form the autonomic portion of the visceral 
nervous system. On the sensory or afferent 
side of the reflex arcs, all neurons 
whose peripheral processes extend from 
the viscera through the communicating 
branches to the spinal ganglia are not 
strictly autonomic, but belong to the so- 
matic nervous system. Neurons which lie 
wholly within the sympathetic system may 
exercise a local regulatory control over 
the viscera to which they are related. 
These local adjustors are under modifica- 
tion by the visceral centers of the spinal 
cord and brain. 

TTie vneeraf sensory neurons cannot be 
readily distinguished from the somatic 
sensory or craniospinal elements, with 
which they are mingled in the spinal 
ganglia, except by following their periph- 
eral fibers outward into the communi- 
cating branches. The bodies of the vis- 
ceral motor neurorts of the spinal nerves 
are segregated in the “inlermedio-lateral 
gray column” of the spinal cord (Fig. 
184, int. lot.). Their axons pass out of the 
cord into the ventral roots and through 
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Fig. 182, Cross section oi a corpuscle of Vaicr*Pacini, from ihe derma of ihe sole of a human foott DL, 
Lamellae t C, blood vessel between the superSciallameUae; JK, inner bulb. 110 X* -After Schaffer. 



MerkeCs Ccrpuscles. These (Fig. 181) consist 
of a modified epithelial cell (tactile cell) and 
of a peculiarly constructed leminsl widening 


of the axis cylinder, the tactile disk or meniscus. 
Such corpu«cIes, usually- in- groups, are found 
in the deep layers of the epithelium of the skin. 
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pathetic and parasympalUctic systems as 
functionally antagonistic systems on the 
basis of different reactions to certain 
drugs no longer holds. 

(1) The cranmf autonomic (cranial 
poTasympathclic system) includes the pre- 
ganglionic neurons Nshosc axons enter the 
oculomotor, facia! (chorda tympani), 
glossopharyngeal, vagus and accessory 
nerves, and also the postganglionic neu- 
rons of the peripheral ganglia in the head 
and trunk. (2) The sacral autonomic 
{sacral parasympnt/tetic sysfeml includes 
the preganglionic neurons \vhose axons 
emerge in the ventral roots of the second 
to the fourth sacral spinal nerves, and also 
the related postganglionic neurons of their 
peripheral sympathetic ganglia. (3) The 
thoracohimhar autonomic [sympathetic 
system) includes preganglionic neurons 
whose cell bodies lie in the intcrmedio- 
lateral gray columns of the thoracolumbar 
portion of the spinal cord and whose 
axons emerge in the ventral roots of the 
thoracic and the first three or four lumbar 
nerves, and the related postganglionic 
neurons. 

Sfmpalhf'lic Ncr\e Cells, Tl'e cell l) 0 <li €8 of 
die preganglionic visceral efferent neurons are 
small, spindle-shaped elements in the inier- 
mediolateral gray column of die spinal cord. 

The postganglionic neurons of ll e craniosacral 
visceral nenous sistem lie, as a rule, close to 
the viscera innervated. The pteganglion’C fibers, 
accordingly, are relatively lop" — as in the vagus 
nerve — and the postganglionic fibers arc short. 
On the other hand, most of the synapses of the 
thoracolumbar system are in the ganglia of the 
sympathetic chains or trunks and iherclore their 
postganglionic fibers are relatively longer. 

The nervous elements of the sympathetic gang- 
lia are generally small and have such diverse 
•hapes and structure that some maintain that 
no morphological classification is practicable The 
cells are generally multipolar, with the dendrites 
and axon sometimes being clearly distinguish- 
able, in other cases showing no obvious difference. 
For a topical example see the description of the 
postganglionic neurons of the intestine (p. 201). 

The cell body may be surrounded by a cap- 
sule of satellite cells, winch, like those of the 


craniospinal ganglia, are ectodermal elements re- 
lated to the cells of Schwann 5n the nerve sheaths. 
In the outlying avmpathetic ganglia these cap- 
sules may be absent, but the cells of Schwoinn 
accompany the peripheral sympathetic fibers 
everywhere. 

NEUROGLIA 

Tlie lerm neuroglia is applied to the 
follouing interstitial tissues; the epen- 
ilynia which lines the ventricles of the 
brain and spinal cord, ncttrog/iol cells 
and their expansions or “fibers” which 
bind together the neurons in the central 
nervous system and in the retina, and the 
satellite or capsular cells of the peripheral 
ganglia. Tlie cells of Sckicann of the 
peripheral nerves may be considered as 
equivalent to peripheral neuroglia. 

Ependyma, lit the early embryonic 
stages of the brain and spinal cord the 
wall of the neural lube is a simple epi* 
ihelium (Fig. 196). Certain thin non* 
nervous parts of the brain retain this 
structure throughout adult life, as the epi* 
liteliai layer of the chorioid plexus (Fig. 
204). In most other parts of the neural 
tube, the wall is greatly thickened by the 
differentiation and multiplication within 
it of neurons and neuroglial elements. The 
lining of the inner surface of the wall en- 
closing the ventricular cavities always 
retains an epithelial character (Fig. 185) . 
This lining membrane, the adult epen- 
dyma, is composed of the inner ends of 
the persisting epithelial cells, with their 
nuclei and some of their cytoplasm, and 
such derivatives of the primitive em- 
bryonic epithelium as remain in connec- 
tion with it. 

The embryonic ependyma js ciliated and in 
some parts of the ventricular lining the cilia 
may persist in adult life. In the mature brain, 
their broad ba«e*8 taper to long, threadlike proc- 
esses that may branch and that are lost among 
other elements of tlie brain (Fig. 18S) . In a few 
places, where the nervous wall is thin, as in 
the ventral fismre of tiie spinal cord, some 
ependymal cells span the entire distance, be- 
tween tlie ventricular and external surfaces (Fig. 
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the white communicating branches, to end 
either in a vertebral ganglion of the sym- 
pathetic trunk or in one of the outlying 
ganglionic plexuses (a prevertebral gang- 
lion). These axons, preganglionic Jtben, 
with thin or no myelin sheaths, always 
terminate in a sympathetic ganglion. Here 
they effect synaptic junction with second- 
ary visceral motor neurons, whose axons 


t he preganglionic efferenj ^eurong. while 
the gray contain unmyelinated axons of 
the postganglionic efferent neurons which 
carry visceral efferent nervous impulses 
from the sympathetic ganglia to the spinal 
nerves. Among the latter are the vaso- 
motor fibers going chiefly to arterial mus- 
cles, the pilomotor fibers to the small mus- 
cles of the hair follicles, and the sudorif- 



Fig. 184. Diagram of the relations of the syinpatlietic trunk to the spinal cord and spinal nerves. 
Visceral sensory fibers are drawn in dot-and-dash lines, preganglionic fibers in continuous lines, and 
postganglionic fibers m broken lines. For clearness the rami communicanles are drawn farther sepa- 
rated from the spinal ganglion than natural: int. lat., Tlie intermediolateral gray column of the spinal 
cord, axons of whose cells form preganglionic fibers; p.ni., pilomotor postganglionic fiber; sg., post- 
ganglionic fiber for sweat glands; v.m., vasomotor postganglionic fiber. From Herrick’s Introduction 
to Neurology. 


— the mostly unmyelinated postganglionic 
fibers — transmit the impulse to visceral 
muscles or glands. 

The communicating branches (Fig. 
184) are the paths of connection between 
the spinal nerves and their adjusting cen- 
ters in the spinal cord on one hand, and 
the local visceral adjusting mechanisms 
on the other. Th^-hjtCL^ran ^ con Uin 
mveli naled £berr5 the smgiiry-a;;|d_of 


erous fibers to the stveat glands. Other 
postganglionic libers go to the viscera in 
the sympathetic nerves, like the splanchnic 
nerves, where they are mingled with the 
myelinated axons of the preganglionic 
and visceral sensory neurons. 

The efferent part of the autonomic sys- 
tem can be subdivided into three sections 
on an anatomical basis. However, the dis- 
tinction frequently made between the sym- 
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187). All of tliem do so in the early embr)'ORic 
stages (Fig. 186). In these cases the ependymal 
cells form a dense internal Umitins membrane 
at the ventricular end. 

At the external surface under the pin mater the 
ependymal threads and bars expand into pedicles 



Fig. 185. The neuroglia from the ependymal 
layer of the fourth ventricle (tubefculum acusii* 
cum) of a cat, with ciliated ependymal cells. 
Redrawn after Rubaschkin. 

which fuse into a thin, smooth and dense mem* 
brane, the external limiting membrane of the 
central nervous system (Figs. 186, 187). Similar 
membranes are formed around the blood \essels 
(Figs. 188, B; 189). In most parts of the adult 
human brain and spinal cord, with the increase 
in the thickness of the wall, the ependymal threads 
are stretched between the internal and external 
limiting membranes beyond the breaking point. 
Finally the ependymal threads lose contact with 
the opposite face of the wall, remaining con- 
nected with their own ependymal cells (Fig. 187). 

Neuroglia Proper or “Glia.” In any 
section of the central nervous system pre- 
pared by ordinary histological methods, 
small nuclei are seen scattered among the 
nerve cells and their processes (Figs. 191, 
203) . The cytoplasm and long processes 
of these neuroglial elements are revealed 
by special histological technic. 

Three ty-pes of neuroglia are distin- 
guished: astrocytes, oligodendrocytes and 
microglia. The first two are undoubtedly 


of ectodermal origin, as are the nerve cells 
proper. The third, or microglia, according 
to Rio-Hortega, originates from meso- 
dermal cells of the pia mater which mi- 
grate into the central nervous system 
along the blood vessels. His opinion is not 
accepted by all. 

The astrocytes, termed also “astroglia,” “mac- 
roglia” or “spider cells,” are of two varieties. 
The first is the protoplasmic astrocyte with nu- 
cleus larger than in oligodendrocytes and micro- 
glia, and with relatively abundant granular cyto- 
plasm and numerous rather thick plasmatic ex- 
pansions (Fig. 188, A). Many of tiieir processes 
are attached to the blood vessels and to the pia 
mater by means of expanded pedicles. In other 
cases, the body of the cell lies directly on the 
wall of the blood vessel or on the inner surface of 
the pia. Some of the smaller cells of this variety 
lie close to the bodies of the neurons and are 


d 
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Fig 18C- Cross section of the neural tube of a 
three-day chick embryo. Spongioblasts are stained 
black; the neuroblasts between them are un- 
stained: r, Ventral side; d, dorsal side: A, region 
of the future anterior column of the white sub- 
stance. Alethod of Colgi. Redrawn after Ramon y 
Cajal. 

called satellite cells. The other variety is the 
fibrous asirocyte (Fig. 188, B), distinguished 
from the first by long, relatively thin, smooth, and 
Iillle branched expansions. Embedded within the 
cytoplasm of their bodies and expansions are 
fibrillar structures or neuroglial fibers (Fig. 190), 
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processes and tlte body do not appear smnoili 
but are covered with a considerable number i>f 
tiny pointed tvvips or “spines.” The imcroftllal 
cells are scattered everyuhere throughout tlie 
brain and spinal cord. 

The neuroglia of the adult central nervous 
system develops from the primitive spongio- 
blasts of the embryo (Fig. 195), and is of ecto- 
dermal origin. An exception 13 the microglia 
which possibly is nvcsodertnal In the mature 
brasn and spinal coni the neuroglial tv's.^uc ax a 
whole forms an extremely complicated .supporting 
framework of cells and their expansion^, with a 
multitude of passages, in which the nerve cells 
proper or neurons and their processes are sus- 
pended. Like tlie nerve cells, the supporting neu- 
roglial cells do not form an actual syncytium (as 
assumed by somel, hut they, too, retain a eertavn 
degree of individuality, although apparently lc«s 
than in the case of the neurons, as the adjoining 
neuroglial cells form virtually a scaled honey- 
comb. In the ciiambers of this honeycomb the 
nerve ceils and their expansions are mdividually 
encapsulated and thus separated or insulated 
fsonv one another <Fig 190t. Only at the yvointx 
of the synapses are the neuroglial harriers broken 
and only here is a. direct contact between (he 
neurons possible The essentially insulating func- 
tion of neuroglia and of Schwann's cells is like- 
wise attested by their participation in the forma- 
tion. of myelin sheaths in those axons where a 
greater speed of (ranstnisston is attained This 
insulating rfile of the neuroglia, besides the rela- 
tive functional and trophic independence of the 
neurons, enables each aeuron to luntttan la rts 
own specific way. 

The neurogtu appears also to be an important 
mediator for the normal metabolism of the nerv- 
ous elements proper, although little is known in 
this respect More is known about the activity of 
the neuroglia in pathological proccs«es. Wien- 
ever the neurons are affected by a local or distant 
pathological process, the «arroundmg nePTOgbai 
elements always react in seme way. They are 
actively involved in ihe degeneiolion and re- 
generation of the nerve fibers, in vascular dis- 
orders, m various infectious proces«es, and are 
one of the chief sources of tumors of the central 
nervous system The fully developed, mature 
neurons of higher vertebrates, except ibo.«e dial 
form parts of the peripheral nervous svstem. have 
practically lost the abilii) to divide, which they 
possessed as emhrvonic neurobiast*. and their 
ability to tegcneTaie is grcaily reduced or, ss m 
the brain, enlirely l<i«t On the other hand, the 
satclhtev, neurolemmal cells and neuroglia fuHy 
relain this abditv and participate in all reparative 


reactions after injuries to the nervous system. In 
particular, the microglial cells assume in such 
cases a great variety of forms, with active migra- 
ttoti ami fdvagocy toxi*. They probably play a idle 
in the metabolism of the nerve cells, and phago- 
cylose disintegrating nervous elements (p, 222). 



Fig. 191. Portion of human cerebral cortex 
slanted by the method of Nissl. A, Naked nuclei 
of ohgodendfoglia cells; U, protoplasmic astro- 
cyte; C, nucleus of mictogha cell. In addition, 
large and small pyramidal neurons. After del Rio- 
Ifortega. 

THE SYNAPSE AND THE INTERRELA- 
TIONSniPS OF NEURONS 

EssenliaJiy, the nervous system is com- 
posed o{ complex chains of neurons so ar- 
ranged as to permit the passage of nervous 
nnpnJses from otie neuron to oilier neu- 
rons in ibe central nervous sjslem and 
from the non-nervous to the nervous 
organs and vice versa. The place of con- 
tact where the substance of the axon end- 
ing of one neuron meets the body or the 
dendrites of its related neuron is called a 
synapse. 

If is usually assumed that, whenever a 
neuron is activated by an extraneous im- 
pulse, the impulse spreads over all of its 
parts— Uie perikaryon, the dendrites and 
tlie axoti. Yet physiologically, the excita- 
Uon passes only from the dendrites or 
body, where activation normally occurs, 
to the axis cylinder and its endings. This 
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Fig. 189. Short-ra)e<3 astrocytes {ram tl>e gray 
maUer of the brain of an aduit man; tbe two 
upper ones are connected with the wails of a 
blood vessel by lUeii processes. Golgi method. 
Redrawn after Ramun y Cajal. 


while those that pass into the white substance 
are fibrous. 

The oligodendrocytes, also called ‘'oligoden- 
droglia*’ and “oligoglia” (Fig, 188, D) , ate closely 
akin to the astrocyles which they resemble in 
most respects. Tliey are smaller and have smaller 
nuclei, although there are many transitional 
forms. Tbe name is derived from Ujc fact that 
their few and slender processes have few 
branches. Tlie processes rarely if ever form foot- 
like expansions on blood vessels and no true 
neuroglial fibers are related to them. They seem 
to be in an especially intimate relationship with 
the nen’c fibers along wliich they are frequently 
found in rows or columns. Because of this they 
are regarded as the central bomologue of the 
neurolemtnal cells of Scli«ann. lo (he gray sah- 
stance those oligodendrocytes that adjoin the 
nene cells proper are called “saleniles” (Fig. 
m, Ai. 

In the microglia or Hortega’s cells (Fig. J8S, 
C), the nucleus is likewise small but deeply 
stained and surrounded by scanty protoplasm. 
The few expan’^ions are rather short and, unlike 



Fig. 190. Cro«s section of the >shiie matter of the spinal cord of a cat stained for neuroglia fibers: 
a, Nene fibers of diffcrrnl calibers, with a centtalh located axis cylinder and whh a wide, pals 
myelin sheath; b, neuroglia cell; c. ncutogUa fiber*. Weigen method. lOOQ K. (A.A.Sf.| 

stance* tho^e of their proccs'cs that spread into the tnnre or less straight cspansiofu of the a«tro- 

’ i.. • nroionlasmic charaaer. cstev ate twisted in various ways. Also, the 
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proce«5e9 anJ the l>oJy do not apjipar fimmili 
but are co\crcd witli a con?iileraliIc niiinlirr «f 
tiny pointed twig? or “spine?.” Tlic microglial 
cells are scattered e\erywlicrc tlirougliout llic 
brain and spinal cord. 

The neuroglia of the adult central nervous 
s)siem develops from the primili'c spongio- 
bla'ts of the emhrjo (Fig. 195), and is of ecto- 
dermal origin. An exception is the microglia 
which pos«ilily is nic?o<lernial. In the mature 
brain and spinal cord the neuroglial tissue as a 
whole forms an extremely complicated supporting 
framework of cells and their expansions with a 
multitude of passage?, in which the nerxc cells 
proper or neurons and their processes arc sus- 
pended. Like the nenc cells, tlie supporting neu- 
roglial cells do not form an actual syncytium (a? 
assumed by some), but lliey, too, retain a cert.iin 
degree of individuality, although apparently Ic?? 
than in the case of the neurons, as the adjoining 
neuroglial cells form sirtually a scalexl honey- 
comb. In the chambers of this honeycomb the 
nerse cells and their expansions are individually 
encapsulated and thus separated or in«ulatcd 
from one another (Fig, 190). Only at the luunt? 
of the synapses are the neuroglial harriers broken 
and only here is a direct contact between the 
neurons possible The essentially insulating func- 
tion of neuroglia and of Schwann's cells is like- 
wise attested by their participation in the forma- 
tion of myelin sheaths in those axons svhere a 
greater speed of transmission is attained. This 
insulating role of the neuroglia, besides the rela 
live functional and trophic independence of the 
neurons, enables each neuron to function in its 
own specific way. 

The neuroglia appears also to be an imiiorlant 
mediator for die normal metabolism of the nerv- 
ous elements proper, aldiough little is known in 
this respect. More is known about the activity of 
the neuroglia in pathological pn>ces«e«. When- 
ever the neurons are affected by a local or distant 
pathological process, the surrounding neuroglial 
elements always react m some way. They are 
actively involved in the degeneration and re- 
generation of the nerve fibers, in vascular dis- 
orders, in various infectious processes, and are 
one of the chief sources of tumors of the central 
nervous system The fully developed, mature 
neurons of higher vertebrates, except those that 
form parts of the peripheral nervous system, have 
practically lost the ability to divide, which they 
possessed as embryonic neuroblasts, and their 
ability to regenerate is greatly reduced or, as in 
the brain, entirely lo't On tlie other hand, the 
satellites, ncurolemmal cells and neuroglia fully 
retain this ability and participate in all reparative 


reactions after injuries to the nervous system. In 
particular, the microglial cells a«'unic in such 
cases a great variety of forms, with active migra- 
tion and phagoc>to«i<. TJtcy probahly play a role 
in the melahotism of the nerve cells, and phago- 
c)|o«e disintegrating nervous elements (p. 222). 



Fig 191, roriion of human cerebral cortex 
stained by the method of Nissl. A, Naked nuclei 
of oligodendfoglia ceils; D, protoplasmic astro- 
cyte; C, nucleus of microglia cell. In addition, 
large and small pyramidal neurons. After del Hio- 
Iloriega. 

THE SYNAPSE AND THE INTERRELA- 
TIONSniPS OF NEURONS 

Esseiiliaily, the nervous system is com- 
posed of comple.v chains of neurons so ar- 
ranged ns to permit the passage of nervous 
impulses from one neuron to other neu- 
rons in the central nervous system and 
from the non-nervous to the nervous 
organs and vice versa. The place of con- 
lacl xvhete the substance of the axon end- 
ing of one neuron meets the body or the 
dendrites of its related neuron is called a 
synapse. 

It is usually assumed that, whenever a 
neuron is activated by an extraneous im- 
pulse, the impulse spreads over all of its 
parts— the perikaryon, the dendrites and 
the axon. Yet physiologically, the excita- 
tion passes only from the dendrites or 
body, where activation normally occurs, 
to the axis cylinder and its endings. This 
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Fig. 192. T)pes of nervt fiber enJtn}:* in the >enebraie cenirol ncnogs sj-sletn. J, Terminal 
enlarpements (embfect of Held) of unmyelinated nerve fillers wliicli end In relation to dendrite of 
another nene cell (d)- 2, Club ending <«>f Oartelmnl of large nene fiber which ends abruptly on 
dendrite of anotlier nene cell (d). Note arrangemmt of neurofibnU in the two synaptic elements. 
3. Fine m>elin3ted fibers ending on ner>r cell b> mean* of tiny “end-fret.” 4. Similar endings of 



THE NEKVOUS TISSUE 


211 


means that there is a juncliorial polariza- 
lion of the synapse which permits the 
nervous influence, wliatcver its intimate 
nature, to pass only from the axon of one 
neuron to the dendrites or body of the 
next neuron in tlie chain. Without this 
polarization of tlie synapse, and conse- 
quently of the neuron as a whole, nervous 
impulses ^\ouId spread in all directions 
in tlie central nervous system and specific 
modes of reaction would he impossible. 

What the basis of functional polariza- 
tion at the synapse, leading to irreciprocal 
conduction across it, may be is not cer- 
tain. There is much coordinated physio- 
logical and anatomical evidence, however, 
that this may he in part a matter of geo- 
metric relations. A small fiber, for ex- 
ample, may be able to excite a large one, 
where the reverse is impossible. 

A great mass of physiological and mor- 
phological data makes it seem certain that 
the two sides of the synaptic membrane 
are dissimilar in their minute structural 
organization and in their functional prop- 
erties. Of particular interest liere arc the 
giant terminal feet or “club endings” 
measuring up to 7 microns across (Fig. 
192; Bartelmez, Bartelmez and Hoerr, 
and Bodian). In each of these, neuro- 
fibrils terminate close to the synaptic 
boundary w’ith bulton-Iike swellings and 
do not pass into the related neuron. 

The number of synapses on a neuron 
may vary from only a few to as many as 
1800 on the body of a single motor neu- 
ron. The forms of the synapses vary in 


the extreme (Fig. 192). Usually they arc 
tiny swellings at the ends of llie axon end- 
ings. Or the twigs form bouquets or loose 
boskets, and the like, adhering to the body 
or dendrites of another nerve cell. Each 
variety of neuron is distinguished by its 
own form of synaptic terminations, some 
having endings of several kinds. Neurons 
that have no direct or even indirect syn- 
aptic rcIalionsJiip with one another are in- 
dci>cndent of one another. Bodian (1942) 
has an excellent review on the “Cylolog- 
ical Aspects of Synaptic Function.” 

Muclt of the capacity of the nervous 
s}stcm is due to the great variety of 
neurons and llicir structural and func- 
tional specialization. The unity of the 
nervous s>stcm as a complex whole is 
maintained by tlie countless synaptic con- 
nections among its constituent cells, and 
perhaps also by operation of potential 
fields and electric currents flowing be- 
tween cell groups. However, in those vis- 
cera which alivays act in toto and where 
there is no minute territorial delimitation 
of function, the nerve cells or their e.xpan- 
sions pcrliaps undergo such intimate con- 
nections willi one another as practically 
to abolish most visible boundaries such 
as are found in the other parts* of the 
nervous system. This problem needs fur- 
ther investigation. 

The conception of the structure of the 
nervous system sketched above forms the 
almost universally held neuron doctrine. 
It maintains that each mature nerve cell 
represents a cellular unit capable, under 


unmyelinated fibers on dendrite of another nerve cell (compare with the four smallest endings in /). 
5, Large “end feet” on dendrite of another nerve cell. Note band.of red-stamed granular mitochondria 
at the terminal surfaces of the “end feel.” (^mpare with largest end-feet in /. 6, Clublike ending of 
small myelinated fiber, and 7, clublike ending of large myelinated fiber, ending on dendrite of an- 
other cell. Neurofibrils in dendrite of 7 are cut transversely and appear as fine dots. Note myelin 
sheath (red) investing axon and compare with 2 in which myelin is unstained. 5, Large myelinated 
fiber (left) forming a calyciform ending, embracing portion of another nerve cell (right). Note 
band of granular mitochondria at terminal surface of calyx, and myelm sheath (red) enveloping 
axis cylinder (left) . 9, Several large mvehnaled axons (left) ending by means of club-shaped terminals 
on dendrite (d) of Urge nerve cell. Note arrangement of neurofibrils in axons and in dendrite upon 
which they terminate. 1 and 2 stained for neurofibrils with reduced silver 3~9 fixed by injecting 
Zenker-formol into blood vessels of living animal; silver followed by Mallory-azan stain. All from 
the brain of the goldfish, and drawn at 1410 X. After Bodian, 1937. Courtesy of Wistar Press. 
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given circumstances, of independent ex- 
istence. The processes of a nerve cell are 
dependent on the body with its nucleus; 
when cut off they die, although peripheral 
processes may regenerate from the peri- 
karyon (p. 220). The body and nucleus 
of the nerve cell are the trophic cent*^^ 
the whole neuron . The connections be- 
tween different neurons are so polarized 


marized, as of 1946, by Eccles and by Ge- 
rard. At present, the most that can be 
said is that the neurons influence one an- 
other through the synapses. It should be 
pointed out that much of the controversy 
over the neuron doctrine was due to the 
assumption that crude histological meth- 
ods can give evidence on such delicate 
cytological structures as the synapses in 



Fig. 193. Several types of synaptic relationships of neurons: A, d-Bipolar neuron serving as a 
common pathway for both rods and cones (a) ; B, isolated conduction or one-to-one relationship of 
neurons (6-A-r) ; C, a single excitation (in 6) is transferred to each of the three related neuron 
varieties id, /, h) ; D, excitations from a number of rods (o) pass through intermediary neurons 
id, e, f) to a single large neuron (n). Examples from the primate retina (see Fig. 539). Courtesy 
S. Polyak. 


that conduction of nervous impulses is al- 
ways from the axon of one neuron to the 
dendrites or body of the next. If a nerve 
cell suffers irreparable injury, adjoining 
nerve cells are not necessarily affected. 

Various theories based on chemical and 
electrical changes observed in nerves have 
been advanced to explain the transmission 
of the nervous impulse from one neuron 
to another. Tliese have been ucll sum- 


the central nervous system and tbe rela- 
tionships of peripheral nerves to end 
organs. As finer methods are developed 
we shall be able more adequately to 
analyze the submicroscopic structure of 
neurons and their synapses, for there is 
much physical evidence that a thin outer 
layer (100 to 200 A) of the nerve cell is 
a critical zone in the transmission of the 
impulse. 
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Examples of Inicrrclalionships of 
Neurons. Except in the primate retina, 
uhere one*to*one synapses are found (Fig. 
193, B), practically all neurons are con- 
nected with several or many other neu- 
rons. With the aid of the Golgi impregna- 
tion and other methods, several dilTerent 
types of relationships between neurons 
have been shown to exist. These vary from 
extremely complex relationships involv- 
ing the processes of hundreds of cells to 
relatively simple configurations. It will 
suffice here to give examples of a few ex. 
treme categories. For instance, attached 
to the body and dendrites of many large 
motor cells of the anterior gray columns 
of the spinal cord are many hundreds of 
synaptic buttons of axon endings of neu- 
rons in the cerebral cortex, the cerebel- 
lum, correlation cells of the spinal cord, 
the motor and similar centers of tlie brain 
stem, and in the periphery. The spinal 
motor cells serve, accordingly, as the final 
common pathway where the nervous Im- 
pulses from a variety of sources are trans- 
mitted to effector organs. A clear instance 
of this is found in the giant Mauthner’s 
cells in the medulla oblongata of fishes 
(Fig. 192). In the retina, the rf-bipolars 
serve as a common pathway for impulses 
from both rods and cones (Fig. 193, A). 
The reverse arrangement is shown in Fig. 
193 C, where one retinal cone is in contact 
with three neurons id, f, h). 

In the frequent arrangement in which 
a few neurons are related to a large 
group of neurons, the reaction is not com- 
mensurate with the initial stimulus, but is 
determined by the number and kinds of 
reacting neurons, often arranged in inter- 
nuncial chains effecting inhibition or fa- 
cilitation of the impulse (Lorente de No), 
Thus, in a spinal refiex arc {Fig. 19-t) 
the excitation of a few peripheral sensory 
elements may activate a great number of 
motor neurons, and the total response or 
effect may exceed many times the energy 
that initialed it. Another example is the 


excitation of a few photoreceptor cells of 
the retina and tlic subsequent turning of 
the eyes and head toward the source of 
llic stimulus. 

These glimpses of the exceedingly in- 
tricate interconnections between neurons, 
coupled with their enormous numbers (it 
is estimated there are 9,200,000,000 neu- 
rons in the cerebral cortex alone), and 
their extreme voriability in the various 
parts of the nervous system, indicate the 
extreme complexity of structure and func- 
tion. 

Wliile Matter Conducts, Cray 
Matter Integrates Impulses. The while 
mailer of the brain, the numerous tracts 
of the brain stem and spinal cord, and 
practically all peripheral nerves, are 
chiefly or entirely made up of myelinated 
or unmyelinated axis cylinders. These 
parts serve, accordingly, to transmit nerv- 
ous e.xcitations from the viscera to the 
central nervous system, or vice versa, or 
from one part of the brain or cord to 
other parts. There is no evidence that any 
essential modification of the passing ex- 
citations occurs in the fibrous parts, ex- 
cept such as might be due to a decrease of 
intensity where the axis cylinders divide 
into a number of branches. 

In the regions composed chiefly of 
nerve cells, unmyelinated and some my- 
elinated nerve fibers, in the nerve centers 
which constitute the so-called *'gray mat- 
ter” (cerebral and cerebellar cortex, vari- 
ous subcortical nuclei, gray columns of 
the spinal cord, peripheral ganglia), the 
situation is reversed. Here innumerable 
reciprocal contacts between the various 
tj-pes of neurons make possible an end- 
less variety of mutual influences. It is here 
that the centralizing, selecting, combining, 
dividing, and intensifying of incoming 
impulses is performed and the resulting 
impulses sent back to the peripheral 
organs of execution. A preparation of 
such an area shows the bodies of the cells 
arranged in a certain order, usually in 
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layers. The space het^veen the cellular 
layers, and also bet^veen the individual 
cells, is filled wth innumerable axis cylin- 
ders and dendrites, and also with neu- 
roglia and blood vessels. The nervous ex- 
pansions usually are without myelin 
sheaths, which accounts for the gray 
appearance of these parts in fresh condi- 
tion. 

When stained with routine methods, the 
nervous plexiform substance between the 
cell bodies has a dotted aspect, and was 
often called neuropil. Where the separation 
of cellular elements from the plexiform 
substance is complete (as in the molecular 



Fig 194. Diagram illustrating the simplest 
spinal reflex arc consisting of two nervous ele- 
ments or neurons, a sensory neuron connected 
with the skin and a motor neuron connected 
with a muscle. Physiologic connection between 
the two neurons is eilected within the spinal cord. 
Modified from van Gehuchten. 

layer of the cerebellar cortex, in the plexi- 
form layer of the cerebral cortex, and in 
the retina) certain layers are composed 
almost exclusively of the naked expan- 
sions of the neurons and of the neuroglia. 
Since in these layers huge numbers of 
synaptic contacts lake place, ihej’ can be 
called synaptic fields (layers 5 and 7, Figs. 
534, 539) (cf. Herrick, 1934) . 

The pattern of the cell and fiber ar- 
rangement in the gray nervous substance 
varies much in detail from place to place. 
Every subcortical nucleus, peripheral 
ganglion, and locality of the cerebral cor- 


tex has architectural features of its o^vn. 
Thus the cortex in the precentral convolu- 
tion of the primate brain, which coincides 
with the so-coUed moior area, differs con- 
siderably from that of the postcentral con- 
volution where the conscious somato- 
sensory function is represented, or from 
any other portion of the cerebral cortex. 
One of the most characteristic cortical 
areas is along the calcarine fissure of the 
occipital lobe which corresponds ivith the 
visual center (area striata). Another, in 
the Sylvian fossa, is the auditory center. 
Numerous other localities with character- 
istic histological structures, are connected 
with particular functions. Some functions 
of the central nervous apparatus are terri- 
torially well localized, whereas others are 
properties of large volumes of tissue. 

The gray nervous substance differs pro- 
foundly from the simple nerve fibers or 
axons in several respects. Although most 
reflexes are transmitted over several inter- 
calated neurons, a diagrammatically over- 
simplified reflex arc may serve as an ex- 
ample. It can be conceived to be composed 
of a sensory (afferent) and a motor 
(efferent) neuron synaptically interlocked 
in the nervous center, together with the 
corresponding peripheral receptor and 
effector (Fig. 194). Such a mechanism is 
functionally characterized by the follow- 
ing: (1) It fatigues rapidly in contrast to 
the simple nerve fibers which are ex- 
hausted sloivly — or never completely as 
the myelinated fibers; (2) the reflex is 
blocked in the center by a fraction of the 
amount of a drug which suffices to block 
the peripheral nerve fiber; (3) the direc- 
tion of the excitation is always from the 
sensory fiber to the motor or secretory 
fiber, indicating the functional polarity of 
the gray substance, termed irreversibility 
or irreciprocal conduction; (4) the re- 
sponse varies greatly ivith respect to the 
latent period and the intensity, depending 
on various conditions of the central nerv- 
ous System itself; this is termed variabil- 
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ily; (5) ihe latent period is much longer Iclcd by its high metabolism wliicli, for 


llian in the ner\e fiber, and llicre may be 
an afler-discbargc, that is, the response 
may continue for some time after ibe 
stimulus ceases; (6) nlicrcas one or a few 
stimuli may have no effect, an effect may 
result from numerous stimuli applied in 
sequence, wliicli indicates summation; 
(7) certain nerves are capable of slowing 
down or stopping the reflex response in- 
duced by the stimulation of other ner\’es, 
an effect interpreted as inlilbition; (8) 
the rhythm of the response in a reflex is 
usually slower than that of the applied 
stimulus (Sherrington. For further details 
see Gerard, 1931). 

Little is known of the meclianism un- 
derlying these phenomena. Some of the 
properties of the gray nervous substance 
can be attributed in part to the synapses as 
such. They alone may be responsible for 
the functional polarity of tlie gray sub- 
stance. Some other features, too, may be 
due to difference in size, number of con- 
tacts and minute structure and organiza- 
tion of the various types of synaptic junc- 
tions. 

Electric Ulnnifcstations of flic 
Brain. Considerable attention has been 
paid to two kinds of electric activity of 
the cortical gray substance. The spon- 
taneous potentials manifest themselves by 
automatic rhythmic “beats” even in the 
absence of outside impulses; the other, 
the evoked potentials, often likewise 
rhythmic, arise only when a peripheral 
sensory organ is stimulated or a motor 
action initialed. These potential changes 
often have some characteristic local fea- 
tures limited to a particular architectural 
area. The subcortical pathways, various 
nuclei, the spinal cord and even the 
peripheral ganglia may show a like ac- 
tivity. 

It would thus seem that the normal 
cerebral cortex is in a state of constant 
activity, irrespective of the stimuli from 
the peripheral sense organs. This is paral- 


oxygen, lias been shown to be 25 times as 
great as in muscle or peripheral nerve. A 
great deal of automatic rliyllimic activity 
seems to be inherent even in single neu- 
rons or agglomerations of these (Gerard, 
1941). The brain’s activity seems, there- 
fore, to be the result of tlie interplay of 
the central autonomous forces and the ex- 
citations coming from the peripheral or- 
gans. When a particular peripheral sense 
organ (c.g., eye) is stimulated, the elec- 
trical reaction is primarily fn the aflferent 
pailiway (optic nerve, tract, radiation in 
the case of the eye) and in llie particular 
cortical field of projection (area striata). 

THE DEVELOPMENT OF THE NEUBONS 
AND OF THE NEUVOUS TISSUE 
Tl« tnalure neurons of the entire nervous 
system are derived from the embryonic ectoderm; 
an exception is ihe penplieral olfactory neurons 
wlilcli develop from the specific sensory epithe- 
lium of the nasal sacs. Likev/ise of ectodermal 
origin are the neuroglial cells (with the prohable 
exception of microglia), the neurolemmal cells 
of die peripheral nerves and the satellite cells 
of the peripheral ganglia— and apparently olsoy 
certain elements of the meninges 
In early embryonic stages the future central 
nervous system is separated by folding from the 
primitive ectoderm to form the neural tube. Next, 
Ollier cells are detached from the neural tube 
to form internal cellular bands beivreen the neural 
tube and the ectoderm that later becomes epider- 
mis These bands are the neural crests that soon 
become segmented, the precursors of the cranial 
and spinal ganglia. The primitive epithelium that 
forms the walls of the neural tube is gradually 
difTerentialed into spongioblasts, which will be- 
come the ependyma and neuroglia, and neuro- 
blasts. the future neurons of the brain and spinal 
cord. In a similar way some cells of the neural 
crests become peripheral neurons; others, satel- 
lite cells; still others, Schwann’s neurolemmal 
cells- These ectodermal tissues are at first sharply 
separated from the surrounding mesodermal 
mesenchyme, from which the meninges and the 
connective tissue of the central nervous system 
and of the ganglia are derived. The intimate 
association of the ectodermal nervous anti the 
mesodermal connective tissue found in the adult 
is achieved only gradually. 
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The sensory neurons of ihe craniospinal nerves 
arise from the ceils which remain in the vicinity 
of the original neural crests ivhcre they form 
ganglia of these nerves. The peripheral (den- 
dritic) processes of these cells grow outward and 
are modified into the axis cylinders of the 
sensory nerve fibers. Their central processes, the 
axons proper, enter the central nervous system 
as dorsal or sensory roots and terminate with 


system are derived from the primitive undiffer- 
entiated epithelium of the neural tube are illus- 
trated in Figs. 195, 196, 197. 

As soon as the immature neurons of the neural 
tube and crest can be distinguished from other 
cells they are called neuroWasts (Fig. 198). 
Those of the spinal ganglia (o) send their aions 
through the dorsal roots (Z?) into the spinal 
cord; those in the ventral part of the neural 


^thelfunt 



Ftg. 195. ZJi'agratn, partly hypocheftcal, of the histogenesis of the centra} nervous system. Especially 
hypothetical are the medulloblasts; yet their existence seems to be necessary to explain the histo- 
genesis of the nervous system, its malformations, and its tumors. After Bailey. 


teledendrons. The cell bodies of the periplieral 
motor and visceral neurons remain witliin the 
brain or spinal cord, their axis cylinders {orming 
the ventral or motor roots of the peripheral uerves 
and terminating in the muscles or in the visceral 
ganglia. Some of the indifferent cells leave the 
territory of the central nervous system and 
migrate into various parts of the body; these 
become sympathetic orvlfccral ganglia. Tire steps 

by which the various cells of the centra! nervous 


tube (c) send their axons through the ventral 
roots {A) outward toward the muscles and 
viscera; those in the dorsal part of the neural 
lube (a) become coirclatioa neurons of the 
spinal cord The protoplasm of the growing 
axons shows ameboid movements and insinuates 
itself between the other tissue elements by a 
positive outgrowth. At its advancing tip there is 
a bulbous enlargement called “growth cone 
(Fig. 2001 from which slender, spineiike projec- 
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Fi{;. 19fi. A portion o{ a neural fold of an 18 somite liuman embryo (about toenty-four days old). 
Tbe section was taken just caudal to the posterior neuropore. It is a pseudostrattfieJ epltheliuni with 
the cell boundaries clearly defined. The internal limiting membrane is developing but the external 
has not ^et appeared. As in mo<t rapidly growing iis«ues, there i« an occasional degenerating cell. 
Embryo II1S16 Univ. of Chicago Emb. Coll. Courtesy of G. W. Dartelmez. 1520 X, 



InUrnai 

limiting 

njembran$ 


Mitosis 


Fig. 197. A part of the lateral wall of the neural tube in the region of the medulla oblongata from 
a 26 somite human embryo (about four weeks old). The cells are much longer and more irregular 
than in Fig. 196, but it is occasionally possible to follow one through the entire thickness of the wall 
and the presence of cell boundaries indicates that the original epithelial condition has persisted. 
Both external and internal limiting membranes are present. Embryo H1382 Univ. of Chicago Emb. 
Coll. Courtesy of C. W. Barlelmez. 1520 X- 


lions are thrust between obstructing cells and rons expounded above is based chiefly upon the 

fibers ta few such are seen in Fig. 108. d, h , »). study of the fixed and stained material by His, 

The knowledge of the development of the neu- Ramon y Cajal, Lenhossek, Neal, et al., and was 
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in all essential points confirmed by Harrison^s 
observations on the living nervous tissue and hw 
brilliant experiments on the developing frog. This 
was amplified by studies of the growing nerves 
in tiie transparent tail of the living frog tadpole 
by Speidel. These observations shovved that the 



a three-day chick: Anterior and, B, posterior 

roots; a, b, c, etc., neuroblasta whose axons fre- 
quently end in swellings (d, A, i) ; 0 . spinal 
ganglion cells whose processes have penetrated 
the spinal cord. Colgi method. Kedrawn after 
flamda y Cajal. 

axons of the unipolar neuroblasls prow fnio the 
intercellular spaces as slender, naked proto- 
plasmic strands {Figs. 199, 200). Nor do they 
form a true s>nc>tium, but each pursues its 
separate course (secondary anastomoses between 
peripheral naked axons are the rule, however, 
according to Speidel). 

From the observations of Speidel it is clear 
liial in the peripheral nerve fibers all newly- 
formetl nerve sprouts are at first completely de- 
void of either the neurolemmal or ni>clin sheaths 
Next they are joined by Schwann's cells but 
remain unmyelinated. The earlieM myelin appears 
near the nucleus of the sheath cells from which 
locality it spreads proximally and distaily. TJiis 
demon'trates the essential rule of tlie sheath 
cells in the process of myelinuaiion, the details 
of which are still unknown. The inielmiratwm. as 
a rule, begins proximally, close to the body of 
the neuron, and gradually pfogrM«es toward the 
distal end of the asi* cylinder 

The forces that in the course of phyiogeny 


and ontogeny have brought about the differen- 
tiation of the neuroblasts and created the com- 
plex nervous tissue of the adult vertebrate are 
incompletely known. W, His and, later, in a 
sense, Harrison saw in mecAam'cal factors the 
chief cause directing the growth of the neuro- 
blasts and their expansions. Ramon y Cajal 
thought that in addition the various peripheral 
tissues secrete certain substances which exert 
ckeniatactic influences upon the sensitive growing 
buds of the axons; this process he termed neiifo- 
tropism. He believed that in the central nenous 
system a similar force attracts the dendrites and 
tlic bodies of tlie neurons tovvard the points 
whence this force emanates. 

A not unlike conception, pronounced by Slras- 
scr, was later elaborated by Ariens Kappers un- 
der the name neurobiataxis. This theory assumes 
the driving force to be the difference in the 
electric potential between the dendrites and the 
axis cylinder of a neuron. As a result, a neuroo. 
or a group of them, is attracted by the axis 
cylinders and endings of other related ncuToas, 
this attraction being at first expressed by the 
shortening of the dendrites and later by iho 
migration of liie bodies in the direction of the 
source whence tlieir stimuli come (that Is, toward 
the rtegative potential). Child has combined 



Fig. 199. Axon of a neuroblast with ncuro- 
fibrils extending from the neural tube (n) inW 
the surrounding mesencliyme {mes). Redrawn 
after Haven. 

chemical and electric factors in bis doctrine of 
phvsfotogical gradients, which is the cxprcviion 
of the difference in the mcfabolic rate in differcBt 
regions 

The riile of the purely mechanical factors, of 
the oriented ultra-structure (micellar orienia- 
llon and aggregation), as the guide along who«e 
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channels the developing axis c)linders spread, 
has lately been experimentally tested and the 
importance of the chemotactic, electrical and 
electromagnetic factors questioned by Weiss 
(193H. Speidel, too, not seeing any effect of the 
galvanic or faradic current upon either the rale 
or the direction of the groA«th of nerves in the 
living vertebrate, likewise favors the structural- 
stereotropic agencies, in addition to the chemical, 
electrical, and the radiative factors. 

In any ca^e, the queMion must be raided as 
to tlie ultimate cau«e vvliich on the one hand 
determines the orientation of the ultramicro- 
scopic micellar units in the media wherein the 
nervous processes expand, and on the other hand 
induces tlie selecting of particular micellar path- 
ways by particular axons. The factors determin- 
ing the growth and the synaptic interconnections 
of the neurons and the evolution and development 
of the nervous system in general may be many 


The nerve cells, on the contrary, as soon as they 
reach that very early stage of differentiation 
when they can he recognized as neurohlasts, ap- 
pear to lose the power of muIli|)Iic3tion. If any 
neurons arc destroyed, they are not replaced. 
Moreover, most of the neurons of the adult body 
have their own individual connections and func- 
tions. No two of tlicm arc exactly alike. It is 
true that neurons of similar structure and with 
similar connections are often associated as a 
“system” In the performance of some particular 
nervous function, and if some of these neurons 
are destroyed, the remaining members of the 
system may continue to perform the function in 
question. Diit if the entire system is destroyed, 
this function is irreparably lost. 

Though mature neurons cannot proliferate, 
they show visilde changes in the course of normal 
physiological activity and in various pathological 
conditions. The change in size and shape is par- 



Fig, 200 Isolated unipolar neurollast with a forked process, from a part of the neural tube of 
Kana palustris explanted in a drop of lymph of Kana piptens two days previously. 350 X. Redrawn 
after Harrison. 


and complex, and delicately balanced in quality, 
quantity, space, and time. Cliemical, electrical 
and other pos‘‘ible, but as yct undisclosed, agen- 
cies may first influence the micellar orientation 
which in turn may determine the direction of 
growth and the establishment of relationships of 
neurons. But the chief driving force is unknown 

DEGENERATION AND REGENERATION 
OF THE NERVOUS TISSUE 
The neuroglia of the adult central nervous sys- 
tem and the cells of Schwann and allied elements 
of the peripheral system are far less specialized 
m structure and function than are the neurons. 
Under certain circumstances they are capable 
of returning to an embryonic condition, and of 
rapid and apparently indefinite proliferation. 
This occurs in certain tumors (gliomas), in scar 
tissue. In various other pathological conditions, 
and in a very special form during the process of 
tegenetation of peripheral nerve fibers. 


ticularly manifest in the following three in- 
stances: (1) transplantation or explantation of 
nerve cells, (2) pathological or operative destruc- 
tion of portions of the central nervous system, 
and (3) after injury to peripheral nerves. 

In the nervous system of both vertebrates and 
invertebrates, even in nerve cells of the same 
variety, the internal structure is not quite iden- 
ticaL The difference depends in part on the chang- 
ing functional conditions of the individual cells 
for, at the moment of fixation some cells were 
active, while others were resting. By experimen- 
tally stimulating the nervous elements it is pos- 
sible to carry such changes to an extreme degree. 
On the other hand, by investigating the nervous 
elements of animals during hibernation, one can 
obtain an idea of tlie structure of neurons during 
almost complete rest. 

The chroroophil substance of Nissl is especially 
sensitive to both artificial stimulation and normal 
fatigue In nervous elements which were highly 
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active or were in some way impaired the cliromo- 
pliil substance partly disintegrates into grannies 
distributed tUtoughout the cytoplasm and partly 
dissolves. TJiis phenomenon is called cAroma« 
tolysis or ttgrolysis (Fig. 201). The Nissl sub’- 
stance may even disappear completely in conse- 
quence of extreme fatigue or exhaustion. After 
a period of rest this substance again accumulates 



Fig 201. On the left side are normal cells of th 
chroniatolysis in similar cells after hemiseciion 
Lenhossek. Courtesy of S. Polyak. 


cytoplasm becomes vacuolated, and finally the 
cell perishes. During intense activity the neuro- 
iibnls likewise increase in number and become 
thinner and paler. During hibernation they di 
minish in number, become thicker and more 
deeply stained. 

Tlie comportment of cbroroophil substance in 
fatigue and in various pathological conditions 



and the cell as'umev iVs onginai appearance. If 
too high a degree of fatigue is produced, complete 
degeneration and death of the neuron may result. 

Accompanying chromaiolysis there may bean 
increase of the volume of the cell due to an 
increased water content of liotU nucleus and 
cytoplasm. With the advance of exhaustion of the 
cell, a decrease in its volume is evident; the 


has been much studied. Most of these changes 
take the form of chiomatolysis, with considerable 
raneiy m detail. The most complete observations 
concern the change in the cell body after h* 
axon is severed. This is the sOKialled primory 
reaction of A'issf, live axon reoctioa or the re/ro* 
fraJe cell degeneration. Tlie cell body grows 
larger, chromatoljsis is observed, the nucleus 



1. Pttor^ 

cell 


migrates to one side of tlie liody and the nuclear 
membrane shrnels. The reaction may be more 
or less severe depending on the variety of the 
neuron, the nature of the injury, the diMance 
from the cell body at which the axon was cut, and 
the degree of regeneration, if any, which fol- 
lows the injury. Where the axon is not de«lroyeil 
completely, so that the remaining part may «till 
perform some function, and where regeneration 
occurs, the injured neuron mav make a complete 
recovery. In more severe injury tlie changes in the 
ceil body are more rapid and continue (inlil 
degeneration is complete and the cell dies. In the 
hrain the neurons jirnhably always degenerate 
and disappear complelely whenever their axis 
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destroyed, degenerate, and during the period of 
from one to twelve weeks or more after the 
injury, before the degenerating myelin is re- 
sorlied it ran he speci/icallv stained by a method 
devised by Marc hi. Since the altered nivcim 
;tains black in contract to the uncl,iineii_niy elin 
'iiuul 

1 " • • ■ Lifll- 

• , ■ ' (I of 

retrograde chromatolysis and tlie method of 
.March! — are extensively used in the investigation 
of (he filler tracts of the brain and the spinal cord. 

When a nerve trunk is severed the peripheral 
or di'tal portion soon loses it« glossy white 
aspect and becomes dull and gray. Tlic centra] 



Tig 202. Fibers of the peripheral stump of a rabbit killed twenty-four hours after section of the 
nerve, a. Fusiform widening of the axon next to a constriction (t) ; b, plastic vacuole of the constric- 
tions, c, spherules of Erholz; e, cementing disk; /, normal incisure of Schmidt. Lanlermann; g, in- 
fundibulum of the incisures; h, fissufal rings; m, protoplasmic bridges being formed at the level o! 
the incisures; n, nuclei; o, subsistent axon in the protoplasm of Schwann's cells; r, protoplasm ac- 
cumulated ne.xt to tlie disks of Ranvier. After Ramon y Cajal. 


cylinders are interrupted. The axis cylinder likc- 
wi«e exhibits immediate changes in form and 
structure after subjection to drugs, x-rays, heat, 
cold, starvation, and after mechanical injury. 

It is difficult and frequently impossible in 
normal material to follow the axons of some 
particular group of nerve cells as they make iheir 
devious Ways through the central or peripheral 
nervous system, mingled with oilier fibers. If some 
of ihese fibers are severed by accident or disease, 
or if they are cut in an experiment, the cell 
bodies from which the injured fibers arise will 
show chromatolysis. On the other hand, the 
myelinated fibers which have been separated 
from their cell bodies, or whose cells have been 
'8 


or proximal portion remaining continuous with 
the ceil bodies apparently does not change mucli. 
Artificial stimulation of the peripheral portion 
tliree or four days after the operation fails to 
produce a contraction of the muscles which it 
supplies, if it contains motor fibers. However, 
stimulation of the central portion, if it be a 
Sensory or mixed nerve, produces the usual pain 
sensations and more or less widespread motor 
reflexes. Microscopic examination shows that the 
immediate result of the operation is a primary 
degenerative change which involves the ends of 
both the central and peripheral portions for a 
short distance This is, trntifrjn tic depenerati on. 
But the changes in the whole length of the 
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peripheral portion depend upon a different proc- 
ess. This is called secondary or JTaUerian de- 
generation of the nerve fiber (Fig. 202). It affects 
the entire length of the peripheral portion of 
the nerve, including its terminal apparatus. 

In Wailerian degeneration lliose parts ol the 
severed peripheral fiber which are organic part> 
of the neuron, and hence trophically dependent 
upon its cell body, undergo complete degenera- 
tion. However, if conditions arc favorable for 
regeneration, they may be rc'-tored to perfect 


nays perishes. But in many cases there is ulti- 
mately a complete regeneration of this degener- 
ated portion of the nerve and its terminal ap- 
paratus (Fig. 203), This regenerative process 
always proceeds from the end of the centra! 
stump. It progresses much slower than the rapidly 
occurring Wailerian degeneration. It is accom- 
plished relatively easily and quickly when the 
two severed ends of the nerve are immediately 
brought into close contact with each other H 
the ends have been widely separated the regenera- 



Fig. 203 Central stump of the sciatic nerve of an adult cat, killed two days after the section. 
A, Nonmedullated fiber; U, mediillated axon ending m terminal branches; E, F, structures o 
Perroncito. .liter Bamon > Cajal. 


function. This applies to the axis cvbmler ami 
to the myelin sheatli if pre-enf. On the other 
hand, the sheath of Sclwann being trophtcally 
Jndeivcndenl of the neuron, survives and ».s re- 
organised with the active proliferation of nuclei 
and the growth of cytoplasm. It assists in the 
regeneration of the axon Uee l>elow). ft js iw 
sible to induce degeneration of peripheral axons 
by vitamin B deficiency without -cnousiy alter- 
ing the myelin sheath (E. Clark I . 

The axis cylinder of the peripheral «iump al- 


live process may require a long time or never 
take place. It occurs much more rapidly and sue- 
cesffuUy in a young individual than in an old one. 

Tlie nonmyelinated fibers abo undergo a sec- 
ondary degeneration peripheral to the Injury. 
Here, too, the axis cylinder disintegrates and 
fragments are Bh»orbed by the protoplasm ol 
Schwann’s sheath. This process differs from that 
in the myelinated fibers only by the absence of 
lie myelin shcatfi. 

ITie degenerative procc*«es cannot be sharply 
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separated from those of regeneration, for the 
entire response of the neuron to injury seems to 
be reparative from the start. It is now definitely 
e«tahlished that the regeneration can be carried 
through to completion only by the outgrowth of 
nerve fibers from the uninjured axons of the cen- 
tral stump. Bungner’s strands of Schwann’s cells 
do not develop axons of their own, hut are pene- 
trated by new axons growing Irom the central 
stump of the nerve. 

CONNECTIVE TISSUE, CIIOIIIOIB 
PLEXUS, VENTRICLES, AND fllENINCES 
OF THE CENTRAL NERVOUS SYSTEM 

In addition to the neurons and tlic sup- 
porting neuroglia, both of ectodermal 
origin, the brain and the spinal cord 
everywhere contain blood vessels derived 
from mesenchyme. The membranes en- 
veloping the brain and spinal cord are 
likewise composed chiefly of connective 
tissue. Tliere are three such membranes. 
The outermost, the dura mater or pachy- 
meninx, is dense and firm. Doth the inner 
membranes, the innermost or the pla 
mater and the one next to it, the arach- 
noid membrane, are composed of much 
looser connective tissue and are called lep- 
tomeninges. The dura and arachnoid 
membranes are separated by the subdural 
space; the space between the outer layer 
of arachnoid and pia is called subarach- 
noid. Both spaces contain very loosely 
arranged connective tissue and are filled 
with cerebrospinal fluid. 

Dura Mater. The relation of the dura 
to the surrounding bones differs in the 
spinal cord and in the brain. In the verte- 
bral canal the inner surface is lined by its 
own periosteum, and within this a sepa- 
rate cylindrical dural membrane loosely 
encloses the, cord. There is a rather wide 
epidural space between the periosteum 
and the dura which contains much loose 
connective and fatty tissue with many 
veins. The dura is firmly connected to the 
spinal cord on each side by a series of 
denticulate ligaments. The inner surface 
oi the spinal dura is lined with sejuamous 
cells. Its collagenous bundles run for the 


most part longitudinally, and the elastic 
nets are less prominent than in the cere- 
bral dura. 

The dura mater of the brain at the be- 
ginning of its embryonic development also 
has two layers, but in the adult these are 
more or less closely joined. Both consist 
of loose connective tissue with elongated 
fibroblasts. The outer layer adheres to the 
skull rather loosely except at the sutures 
and the base of the skull. It serves as 
periosteum, is looser and richer in cell* 
than the inner layer, and contains many 
blood vessels; its thick collagenous fibers 
are arranged in bundles. Tlic inner layer 
is thinner with finer fibers forming an al- 
most continuous sheet. Its fibers run from 
in front and below backward and upward, 
thus with orientation opposite to those of 
the outer layer. These fibers ore so ar- 
ranged as to equalize tensions and pres- 
sures within the cranial cavity. The inner 
surface of the dura is smooth and covered 
with a layer of squamous mcsothelinl 
celU. 

Arncimoid. In the brain and spinal 
cord the leptomeninges are similar in 
structure. The arachnoid is a thin, netlike 
membrane devoid of blood vessels, re- 
sembling the transparent parts of the 
omentum. Its outer surface is smooth, but 
from its inner surface run a multitude of 
thin, branching threads and rihhon-likc 
strands, attached to the pia. The tissue on 
macroscopic examination has a cobweb- 
like appearance. The arachnoid membrane 
bridges over the sulci and the fissures on 
the surface of the brain and the spinal 
cord, forming subarachnoid spaces of 
various extent within these sulci. 

Pia Mater. This inner membrane is a 
thin connective tissue net that closely ad- 
heres to the surface of the brain and the 
spinal cord. It contains a large number of 
blood vessels from which most of the 
blood of the underlying nervous tissue is 
derived. Attached to the pia are the inner 
fibrous strands of the arachnoid and these 
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pcriplieral j'otiion iJejirniJ upon a ilifFcreni iiuk*. 
p<s. Tlin is cj11c«1 sfconilftry or tTaVetinn </<•. 
pencrnllon of ihc ner\t fi!>rr (Fip.202>. It afT<^t« 
llic entire len^ili of llir (wriphcral portion of 
the netNc, tneluiUnji it« lernunal apparatus. 

In Wallerian <lrpeneralion iIkhc |>arl)i of tW 
fr<'\crct! {wripheral filter '^liieli arc orttanic part* 
of llie neuron, and lienre |r<t|iliiral)>' dependrni 
upon it* cell IkhIj, underjro coniplelc tlrcenern* 
lion. Moooer, if conditton- are fawiMlde for 
repencration, t)ie> moj he rr*iorc»l to iierfrei 


t*a)^ Uul in man) ca^es there is ulti- 

iiifltel) a complete re/jenerctfon of this tlegener- 
Bird fwfliofj of the nene and it# terminaJ ap- 
paratus fFip. 20.1>. Thi* Tfgencratisc proctis 
alMB^c proceeds from the enti of the central 
>luni|i. ft proprcsxe* much «[ov.er than the rapid!) 
occurring ^^'a^erjan depeneratjon. It is acfom 
pfi«tied rrlatlicl) ea«il) and <]uict.I)' when the 
tho #c»errd end* of the nersc are immeiliatel) 
hrouphi Into rhisc contact with each other. If 
the end* hare hern wide!) sr/uraledtheregcnera- 



Fig. 203. Central stump of the sciatic nerse of an adult cat, killed two days after the section- 
A, Nonmedullalcd fiber. /J, medutlaled a*on rndinp in leriwinal branches; E, F, structures o 
Perroncilo. After Ramon > Ca)al. 


function. This applies to the axis cslinder and 
to the myelin slieath if present. On tl»e other 
hand, the slieath of Schwann, being Irophicallj 
independent of the neuron, survives and js re- 
organized with the active proliferation of nuclei 
and the growth of cytoplasm It assists in the 
regeneration of the axon (see below). Jl is pos- 
sible to induce degeneration of peripheral axons 
by vitamin B deficiency without seriously alter- 
ing the myelin sheath (E. Clark). 

The axis cvlmder of the peripheral slump al- 


ine process ma> re<{Uire a long time or never 
take place. It occurs much more rapidly and suc- 
cessfully in a young individual than in an old one. 

Tlie nonmyelinated fibers also undergo a sec- 
ondary degeneration peripheral to the inyorv. 
Here, too, the axis cylinder disintegrates and its 
fragments are absorbed by the protoplasm of 
Schwann’s sheath. Tills process differs from that 
in the myelinated fibers only by the absence of 
the myelin sheath. 

The degenerative processes cannot be sharpiv 
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cord. Afferent ner>e endings ore also present, but 
are \ery unevenly distributed. 

Both m>elinated and unmyelinated nene fibers 
accompany the blood >es«els into the substance 
of the spinal cord and the brain, ending on the 
muscle cells of the sessels. These come from 
similar nenes of the plal vessels, and the two 
nervous plexuses are continuous. 

CliorioUl Plexxis, There are four 
places where the wall of the brain retains 
its embryonic character as a tliin, non* 
nervous epithelium. Tliis part of the brain 
wall is the lamina cpithelialis. Tlic pia 
mater which covers it is extremely vascu- 
lar and otherwise modified to form a 
chorioid plexus. The lamina epithellalis 
is very closely joined to the chorioid 
plexus and the whole is called tela chorioi- 
dea, or less exactly, chorioid plexus. 

These chorioid plexuses are found in the roof 
o! the third and fourth ventricle, and in a part 
of the wall of the two lateral ventricles. In each 
case the tela chorioldea is much folded and in* 
vaglnated into the ventricle, so that the free eur* 
face exposed to the ventricular fluid is very large, 
with branching tufts of tortuous vessels and a rich 
capillary net. 

The epithelium early acquires a peculiar struc- 
ture, diflerent from that of the ependymal cells 
lining the ventricles. In embryonic stages n con- 
tains glycogen and carries cilia. In the adult 
its cells are cuboidal and are arranged in o 
single, regular layer. Each contains a large, round 
nucleus and a varying number of rod-shaped and 
granular mitochondria. Very common inclusions 
are large, transparent vacuoles in the distal part 
of the cell, or large, usually single, fat droplets 
On the free surface some have a brushlike border 
and, in the guinea pig, long, motile cilia. In 
animals repeatedly injected intravenously with 
vital dyes, such as trypan blue, tlie epithelium 
of the chorioid plexus stores large amounts of the 
dye in granular form. In the perivascular connec- 
tive tissue core of the plexus are many fixed 
macrophages which store large amounts of dye 
in contrast to those of the leptomeninges 
DIood Vessels of the Central Nervous 
System. The arteries reach the spinal cord with 
the ventral and dorsal nerve roots (anterior and 
posterior radicular arteries) and form a dense 
arterial network in the spinal pia mater. Here 
several longitudinal arterial pathways can be 
distinguished (spinal arterial tracts). The most 
important among them is the anterior arterial 


tract; it gives off a multitude of small branches 
(central arteries) which enter the ventral medial 
fissure and penetrate to the right and left into 
the medial part of the anterior gray columns. 
Tliey supply the major part of the gray sub- 
stance with blood. Numerous smaller branches of 
the pial arterial net, the peripheral arteries, pene- 
trate the white substance of the cord along its 
entire circumference. The capillary nets in the 
white substance are loose and have meshes which 
arc drawn out longitudinally. The capillaries of 
the gray substance are much more numerous and 
dense. Tlie course of the veins does not correspond 
with that of the arteries. Numerous venous 
branches emerge from the periphery of the cord 
and from the ventral median fissure and from a 
diffuse plexus in the pia; this is especially promi- 
nent on the dorsal surface of the cord. From this 
plexus the blood is led away by veins accompany, 
ing (he ventral and dorsal roots. 

The arterial supply of the brain Is derived 
almost entirely from the carotids and the large 
arteries at Its base, chiefly the basilar artery and 
the circle of Willis, Most of the arteries from these 
large vessels pass upward in the p»a mater, from 
which smaller vessels dip into the brain sub- 
stance. These vessels after penetrating the brain 
were commonly supposed to be end arteries, with 
no appreciable amount of anastomosis from one 
to another; this problem requires further study 
in mammals. 

As in the spinal cord, the capillary net in the 
cerebral white matter is relatively meager, with 
elongated meshes; in the gray matter the net has 
a closer mesh. It is assumed that the density 
of capillaries is a crude indication of the rale 
of metabolism of the tissue supplied by it. On 
this assumption it is clear that the metabolism 
of the gray substance is much more active than 
(bat of the white. 

The linear extent of capillaries per unit volume 
of brain substance has been measured by Craigie 
in a number of representative parts of the cen- 
tral nervous substance in various animals. He 
finds, for instance, in the rat that parts of both 
while and gray matter differ in vascularity, all 
Ibe gray being more vascular than the white. 
The motor nuclei are less vascular than the 
sensory nuclei and correlation centers. In the 
cerebral cortex the fourth layer of Brodmann is 
more vascular than the other layers, and the 
supragranular layers tend to be more vascular 
than the infragranular layers. The parietal area 
is more vascular than the others, and the vas- 
cularity of the ceiebellar cortex is about the 
same as that of the cerebral cortex taken as a 
whole. In studying the postnatal development of 
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two membranes are so intimately related 
lliat their histological structure can best 
be described together. In fact, these hvo 
membranes arc often treated as one, the 
\na-arachnoid. 

The main elements of both the arachnoid and 
the pia arc interlacing collagenous bundles sur* 
rounded by fine elastic networks. In the spinal 
pia an outer longitudinal and an inner circular 
la>er can be distinguished. Among the cells are 
fibroblasts and fixed macrophages; these arc 
especially numerous in the pia along the blood 
\es-els. Tliey correspond in their genera] lus* 
tological properties to the macrophages of the 
other parts of tlie body. They store vital dyes 
injected dircctl) in the subarachnoid space. In 
inflammation, especially in tuberculous menin- 
gitis, tliey are transformed into large free mac- 
rophages or epithelioid cells. In man they often 
contain, even under apparently physiological con- 
ditions, considerable amounts of a yellow pigment 
that sometimes reacts positively to tests for iron. 
When vital dyes are injected intravenously into 
a living animal, the macrophages of the lepto- 
meninges store only very small quantities of 
them; at the same time, the tissues of the cen- 
tral nervous system (except the chorioid plexus) 
remain practically colorless, at least In adult 
animals. Thus, the walls of the blood vessels of 
the leptomeninges seem to be an unsurmountable 
barrier for some of the vital dyes that have entered 
the general circulation. In young animals given 
intravenous dye injections, however, there can 
be found a distinct, although small storage of the 
dye in the nerve cells in different places of the 
brain stem, so that the apparent impermeability of 
the walla of the blood vessels develops gradually. 

Along the blood vessels of the pia mater are 
scattered single mast cells and small groups of 
lymphocytes. In certain pathological conditions 
the latter increase enormously in numbers and 
may become transformed into plasma cells.’ The 
tissue of the leptomeninges, especially along the 
blood vessels of the pia, also contains many em- 
bryonic mesenchymal elements. In the pia mater, 
particularly on the ventral surface of the medulla 
oblongata, a varying number of melanoblasts 
can be found. 

The outer and the inner surfaces of the arach- 
noid, the trabeculae, and the outer surface of 
the pia are lined with a layer of squamous 
mesenchymal epithelial cells. Whereas some in- 
vestigators describe their rounding off, mobiliza- 
tion, and transformation into free macrophages 
under the influence of inflammatory stimuli. 


others trace the origin of macrophages exclu- 
aireljr to fixed macrophages. This question re- 
quires further study. 

During development of the meninges two zones 
may he dlstingulslied: an outer zone of con- 
densation of -mesenchyme which gives rise to 
periosteum, dura, and membranous arachnoid, 
and an inner zone which becomes pia. Between 
these two rones the mesenchyme remains loose 
and later forms spongy tissue permeating the 
suharaclinoid spaces. 

In lower vertebrates the mesenchyme of the 
head is formed of cells derived in part from 
the cntoilerm (mcsentodcmi) and in part from 
the ectodermal neural crest (mesecloderm). 
Both types of mesenchyme have been shown to 
participate in the formation of the meninges. 
Working with amphibians and birds, Burr and 
others have transplanted portions of the early 
neural tube with and without the neural crest 
into foreign tissue. In subsequent development 
the tran«planls with the neural crest acquire 
typical pia mater containing cells of neural crest 
origin, while tliose lacking the neural crest show 
an atypical and defective pia. 

If the mammalian pia mater likewise contains 
elements derived from both mesectoderm and 
mesentoderm, then it remains uncertain whether 
the microglia, which is said to migrate into the 
brain from the pia mater, is ultimately of ecto- 
dermal or entodermal origin. It has been sug- 
gested, moreover, that this twofold origin of the 
elements of the leptomeninges. explains some 
peculiarities of meningeal tumors. 

Nerves of the Meninges. The dura and pia 
are richly supplied with nerves. All vessels of 
the pia and of the chorioid plexus are surrounded 
by extensive nervous plexuses in the adventitia, 
from which very fine fibrils penetrate the media. 
These nerves have their origin in the carotid and 
vertebral plexuses and in certain cranial nerves, 
and belong to the sympathetic system. Some fibers 
seem to emerge directly from various places of the 
brain. Sensory, nonencapsulaled, nerve termina- 
tions, and even single nerve cells, are also present 
on the adventitia of tlie blood vessels. 

The cerebral dura contains, besides the nerves 
of the vessels, numerous sensory nerve endings 
in its connective tissue. Tlie connective tissue 
of the cerebral pia contains extensive nervous 
plexuses. They are especially abundant in tbe 
tela chorioidea of the third ventricle. The fibers 
end either in large, pear-shaped, or bulbous swell- 
ings or in skeins and convolutions similar to 
those of the corpuscles of Meissner. In the spinal 
pia the vessels receive their nerves from the 
plexuses following the larger blood vessels to the 
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cord. Afferent ner\e endings are also present, Lul 
arc >ery unevenly distriliutcd. 

Both mjelinated and unmyelinated ner'e fthers 
accompany the blood >e?«eU into the substance 
of the spinal cord and the brain, ending on the 
muscle cells of the vessels. These come from 
similar ner>es of the pial vessels, and the two 
nervous plexu«es are continuous. 

Clioriold Plexus. There are four 
places where the wall of the brain retains 
its embryonic character as a thin, non- 
nervous epithelium. This part of the brain 
wall is the lamina epilhelialis. The pla 
mater which covers it is extremely vascu- 
lar and otherwise modified to form a 
chorioid plexus. Tlie lamina epithcllalis 
is very closely joined to the cliorioid 
plexus and the whole is called tela choriol- 
dea, or less exactly, chorioid plexus. 

These chorioid plexu«es ore found in the roof 
of the third and fourth ventricle, and in a part 
of the wall of tlie two lateral ventricles, fn each 
case the tela chorioidea is much folded and in- 
vaginated into the ventricle, so that the free sur- 
face exposed to the ventricular fluid is very large, 
with branching tufts of tortuous vessels and a rich 
capillary net. 

The epithelium early acquires a peculiar struc- 
ture, different from that of the ependymal cells 
lining the ventricles. In embryonic stages it con- 
tains gl)cogcn and carries cilia. In the adult 
Its cells are cuboidal and are arranged In a 
single, regular layer. Each contains a large, round 
nucleus and a varying number of rod-shaped and 
granular mitochondria. Very common inclusions 
are large, transparent vacuoles in the distal part 
of the cell, or large, usually single, fat droplets. 
On the free surface some have a brushlike border 
and. in the guinea pig. long, motile cilia. In 
animals repeatedly injected intravenously with 
vita dyes, such as trypan blue, the epithelium 
of the chorioid plexus stores large amounts of the 
dye in granular form. In the perivascular connec- 
tive tissue core of the plexus are many fixed 
macrophages which store large amounts of dye 
in contrast to those of the leptomeninges. 

Rlood Vessels of the Central Nervous 
System. The arteries reach the spinal cord witli 
the ventral and dorsal nerve roots (anterior and 
posterior radicular arteries) and form a dense 
arterial network m the spinal pia mater. Here 
several longitudinal arterial pathways can be 
distinguished (spinal arterial tracts). The most 
important among them is the anterior arterial 


tract; it gives off a multitude of small branches 
(central arteries) which enter tlie ventral medial 
fissure and penetrate to the right and left into 
the medial part of the anterior gray columns. 
They supply the major part of the gray sub- 
stance with blood. Numerous smaller branches of 
the pial arterial net, tlie peripheral arteries, pene- 
trate the vvhitc substance of the cord along its 
entire circumference. The capillary nets in the 
white substance are loose ond have meshes which 
are drawn out longitudinally. The capillaries of 
the gray substance ore mticli more numerous and 
dense. The course of the veins docs not correspond 
with that of the arteries Numerous venous 
branches emerge from the periphery of tlie cord 
and from the ventral median fissure and from a 
diffuse plexus in the pia; this is especially promi- 
nent on the dorsal surface of the cord. From this 
plexus the blood is led away by veins accompany- 
ing the ventral ond dorsal roots. 

Tlie arterial supply of the brain U derived 
almost entirely from the carotids and the large 
arteries at its base, chiefly the basilar artery and 
tlie circle of Willis. Most of the arteries from the^e 
large ve««els pass upward in the pia mater, from 
which smaller vessels dip into the brain sub- 
stance. These vessels after penetrating the brain 
were commonly supposed to be end arteries, with 
no appreciable amount of anastomosis from one 
to another; this problem requires further study 
in mammals. 

As in the spinal cord, the capillary net in the 
cerebral white matter is relatively meager, with 
elongated meshes; in the gray matter the net has 
a closer mesh. It is assumed that tho density 
of capillaries is a crude indication of tiie rate 
of metabolism of the tissue supplied by it. On 
this assumption it is clear that the metabolism 
of the gray substance is much more active than 
that of the wiiite. 

The linear extent of capillaries per unit volume 
of brain substance has been measured by Craigie 
in -a number of representative parts of the cen- 
tral nervous substance in various animals. He 
finds, for instance, in tlie rat that parts of both 
white and gray matter differ in vascularity, all 
the gray being more vascular than the white. 
The motor nuclei are less vascular than the 
sensory nuclei and correlation centers. In the 
cerebral cortex the fourth layer of Brodmann is 
more vascular than the other layers, and the 
supragranular layers tend to be more vascular 
than the infragranular layers. The parietal area 
is more vascular than the others, and the vas- 
cularity of the cerebellar cortex is about the 
same as that of the cerebral cortex taken as a 
whole. In studying the postnatal development of 
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tins vascular pattern, it was concluded that the 
richness of tlie capillary supply is directly re- 
lated to functional activity, and that the metal>- 
oli«m invohed in the latter re<]uires a ftreatrr 
hlood supply than docs the metaholism of (>rowlii. 

There are no l)ii)phatics in the central nervous 
s)stetn. DIood fluids v^hicli pass out from the 
capillaries sce]i through the tissue and are not 
collected in ])inphatic ve»«cls, as In most other 
parts of the body. The blood vessels that pene- 
trate from the pia mater are surrounded hy 
perivascular spaces which open freely at the 
brain surface into the subarachnoid spaces. Thus 
the cerebrospinal fluJil, derived from the fdoo<l, 
is drained from tlie bmin tissue outward toward 


The ventricular cavity is dilated in four ' 
{tions; the two lateral ventricles in the cerebral 
hemisplieres, the third ventricle in the thalamic 
region, and the fourth ventricle in the medulla 
<>hfonj:ata and pons. Chorioid plexuses develop 
in lliese four regions, and most of the ventricular 
fluid is derived from the lilood vessels of tlic«e 
plexuses. 

Meningeal Spares. Between the dura mater 
and the arachnoid, the subdural space is com- 
parable to a serous cavity. It contains a minimum 
of fluid and in reality i* scarcely more than 
a potential space. Between the outer sheet of 
arveimoid and the ph, the subarachnoid space 
is traversed hy cobwehhy connective tissue tra- 



Fig. 20f. Qiorioid plexus of the fourth venlricfe from man: ep, Epithelium; er, connective tissue; 
bv, blood vessels. 190 X- 


the meninges without at any time lieing enclosed 
in definite lymphatic vessels. 

Ventricles. The central nervous system begins 
its development as a neural tube with a wide 
cavity throughout its length, and it preserves its 
character as a hollow organ throughout life. The 
ventricle of the spinal cord, or central canal, in 
the adult is very niinule. or it may be obliterated. 
It does not seem to perform any important func- 
tion. But in the normal adult the ventricular cavi- 
ties of the brain always form a continuous channel 
for flow of cerebrospinal fluid throughout its 
length. If any part of this channel is occiuded 
by disease so as to prevent free circulation of 
its fluids, an increased intracerebral pressure 
develops, with resulting hydrocephalus or other 
serious pathological consequences. 


beculae. It is independent of the subdural space 
and contains a large amount of fluid. At the sum- 
mits of the convolutions it is narrow, but in the 
sulci it is wide and deep. The subarachnoid space 
IS especially wide throughout the length of the 
spinal cord. In the brain it is greatly enlarged in 
a few places termed “cisterns” where the arach- 
noid is widely separated from the pia and the 
trabeculae are rare or absent. The most important 
of the cisterns lies above the medulla oblongata 
and below the posterior border of the cerebellum 
(cisterna cerebellomedullaris, or cistema magna) . 
Tlie fourth ventricle communicates with this cis- 
tern through three openings m the tela cliorioidea. 
a medial foramen of Magendie — recently ques- 
tioned by Meulen — and the two lateral foramina 
of Luschka. 
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Ccrebro'spinal FIiii'cE Tlic ccrUral nenouss}*- 
lem is surroundfd on all sides by cerclirospinal 
fluid; it is suspended in it as in a waierdied. 
Tins fluid protects it from concu«sions and me- 
chanical injuries and i« of importance for it« 
metabolism. The suharaclinoid spaces arc in free 
communication so that ccreliro«pinol fluid may- 
pass through them from end to end of the centra) 
nersous system. The amount of the fluid i» vari- 
able. estimated as 80 to 100 cc., or even as much 
as ISO cc. It is limpid, slightly viscous and has 
a low specific gravity (1.00^1.008). It contains 
traces of proteins small r|uantitics of inorganic 
salt and dextrose, and very few lymphocytes 
(about 2 or 3 and not more than 10 in I cu. mm.) . 
It resembles the aqueous humor of the eye more 
cIo«eIy than any other liquid of the body. 

The cerebrospinal fluid is constantly renewed. 
It circulates slowly through the brain ventricles 
and through the meshes of the subarachnoid 
spaces. If these spaces arc opened to the out- 
side by injury (subarachnoid fistula), large 
amounts of fluid steaddy drain off-— 200 cc. or 
more in a day. The sources of this fluid are pri- 
marily the blood vessels of the ciionoid p)exu«. 
the pia mater, and the brain substance. From 
the brain substance the flow is outward into tlie 
subarachnoid spaces; from the chorioid plexus 
tt is inward into the ventricles. Fluid may he 
added to the ventricles in a few otlier places, 
notably in the area postrema at the lo«>cr end of 
the fourth ventricle. The ependymal surfaces In 
general do not seem to discharge fluid into the 
ventricles. On the other hand, the absorption of 
fluid from the ventricles into neighboring veins 
takes place through the ventricular walls. The 
plexuses are wholly secretory, not resorptive. in 
function. They are the chief source of the cere- 
brospinal fluid. The chief channel of discharge 
of ventricular fluid outward into the subarachnoid 
spaces is through specially modified localities of 
the membranous roof of the fourth ventricle. 
The flow of ventricular fluid normally pa«ses 
from the lateral ventricles of the cerebral hemi- 
spheres, where it is derived chiefly from the 
lateral chorioid plexuses, through the foramina of 
Monro into the third ventricle. Here fluid is 
added from the chorioid plexus and the aug- 
mented flow passes through the aqueduct of 
Sylvius into the fourth ventricle, where more fluid 
IS added from the chorioid plexus. From the 
fourth ventricle the fluid passes into the cere- 
bellomedullary cistern, and from here it diffuses 
m all directions through the suharaclinoid spaces, 
^rae of it apparently gets into the extracranial 
hmphatics by way of the perineural spaces with- 
in llw sheaths of the cranial nerve roots, part 


reaching the nasal cavity along the perineural 
slieallis of the olfactory nerve filaments. Around 
the spinal nerve roots there is an arrangement 
of file dural veins and sinu<=cs adapted for the 
passage of cerebrospinal fluid directly into the 
venous hlood, rather than into the lymphatic 
vessels. A very small part of the cerebrospinal 
fluid enters the lympliatics or the veins by tbe 
routes just mentioned. Mo^t of it passes directly 
into tlie big endocranial venous sinuses througb 
the araclinoid villi. 

Arachnoid Villf. Tbe large endocranial venous 
sinuses are entirely enclosed by nia'siie walls 
of dura mater except in definite places, chiefly 
in the sagittal sinus of the falx, where the dura 
is perforated by numerous protrusions of the 
araclinoid membrane, through each of which a 
fingcr-like evagination of the arachnoid meso 
llieliiim is thrust into the lumen of the sinus. 
This is tlie arachnoid villus. Its cavity, which 
contains a small amount of loose arachnoid tissue, 
is in free communication vvlth the suharaclinoid 
spaces, so that lierc tlie fluid of these spaces js 
separated from the blood of the sinus only by 
the very thin mesolliehal membrane. 

These villi have been found in dogs, cats, 
monkeys, human infants, and adults. In man, 
with advancing age, they are enlarged and in 
this condition liave long been known as Pac- 
chionian corpuscles (granulations). 

The arachnoid villi provide the main pathway 
for the outflow of cerebrospinal fluid directly 
into the venous circulation. This flow is rapid 
Dyes and other cliemicals injected into the sub- 
arachnoid spaces can be detected in the blood 
stream in from ten to thirty seconds, and only 
after lliiriy minutes can tliey be found in the 
lymphatics. 
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Chapter X 


THE BLOOD VASGUL/lB SYSTEM 


MuLTicKLLULAfi organisms require a 
mechanism lo distribute nutritive ma- 
terials, oxygen and hormones lo the vari- 
ous parts of the body and to collect the 
products of metabolism from the whole 
body and transmit them to the excretory 
organs. In the vertebrates this function 
is carried out by llic vascular system. It 
consists of tubelike vessels, the arleries, 
capillaries, and veins, and the central 
motor apparatus, the heart, uluch main- 
tains a constant circulation of the blood 
by its contractions. Tlie arteries lead from 
the heart lo the capillaries, the veins from 
the latter to the heart. Lymphatic vessels 
are described in Chapter XI. 

The circulation of the blood in a living 
animal may be studied directly in a thin 
vascular membrane, as the web of a frog’s 
tongue, the wing of a bat, or the special 
chambers inserted in the ear of a rabbit 
(Sandison, 1932). The vessels of thicker 
organs may be studied with the aid of 
illuminated glass or quartz rods (Knisely. 

1936) . 

CAPILLARIES 

The only component of the wall of a 
capillary is the endothelium; this is the 
characteristic structure in every vessel, 
including the heart. In the living animal 
it is usually possible to distinguish the 
endothelial nuclei scattered along the out- 
lines of the capillaries. After fixation and 
staining the wall of the capillaries stands 
out clearly as a thin, homogeneous mem- 
brane, within which the endothelial nuclei 
are located at various distances from one 
another. 


The endothelial cells are structurally 
very similar lo fibroblasts. The elongated 
or oval nucleus is flattened, sometimes 
curx'cd with the lumen of the vessel, and 
contains fine, dustlike chromatin particles 
similar to those in the nucleus of the fibro- 
blast; it lacks, liowever, tlie large nu- 
cleoli; its membrane often shous longi- 
ttidtna! folds. These slight differences are 
rapidly effaced wlicn the endotlielial cells 
tuni into fibroblasts. 

The flat endothelial cells are usually 
stretched along the axis of the capillary 
and have tapering ends. In the wider 
capillaries they ore shorter and broader. 
In the lung their outlines are irregularly 
scalloped. In capillaries of medium width, 
only two curved cells surround the lumen. 
In wider capillaries the aperture may be 
surrounded by a greater number of cells 
while in very narrow ones a single endo- 
thelial cell may form the wall of the lube. 

Tlie caliber of the capillaries in various 
parts of the body of a given animal varies 
within narrow limits and is closely related 
lo the size of the red blood corpuscles. In 
man it averages about 8 fx. Patent thin 
capillaries, through which only blood 
plasma circulates, probably do not exist 
although great numbers of the capillaries 
are collapsed when the organ or tissue is 
in a resting condition. When the organs 
begin to function actively, these collapsed 
capillaries open up and blood circulate® 
through them. In sections of tissues fixed 
in the usual manner, the capillaries ap- 
pear narrower than in the living animal 
while ’artificially injected 'capillaries are 
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often distended beyond their normal The capillaries originate from the cm- 
limits. bryonic connective tissue. As they pene- 

In the majority of capillaries it is pos- Irate everywliere between the elements of 

sihle to show by the injection of silver various organs and tissues, they are ac* 

nitrate that their walls consist of separate companied along their entire course by 
endothelial cells whose boundaries stand connecti\e tissue cells and layers of thin, 



Fir. 205. Capillary from the mc«erUery of a fmp. The lioundaries of the endothelial cells are stained 
Iilact with silver nitrate 3.50 X- Hedrawn after Ranvier. 

out as sharply stained hlack lines; each collagenous or reticular fibers; these 
cell contains a single nucleus (Fig. 205). closely adjoin the endothelium in most 
In such preparations the cell boundaries places. Tlic neltvork of reticular fibers 
are frequently co\ered with angular, dark forms a thin membranous sheath around 
spots. They were originally thought to be the capillaries and separates them from 
openings in the walU of the capillaries the elements of the other tissues. 



Fig, 206. Arterial capillaries from the heart of a forty-ihree-yearold man. Four polymorphous 
perivascular cells continue into those of the capillaries. Tlie arrow points touard the artery. 
Chrome-silver impregnation 1000 X. Redrawn after Zimtnermann 


between the endothelial cells, the so-called ' The connective tissue which accora- 

stigmata or stomata; they are now known panics the capillaries is sometimes called 

to be artefacts. Inlravasctilarly injected perithelium. This is an indefinite term 
India ink particles were seen, in the living and includes several types of cells- he- 

Irog, to accumulate first in the cementing cause of its indefinileness, it should be 

Vines (DiamliersandZweifacli). discarded. Tlie usual capillaries are ac- 
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companied by bxcd niacropliagcs, cells of 
probably undifTerentiatcd mesenchymal 
nature, and a few scattered neiA’e cells 
uliich can only be identified through ihc 


pericapilJary cells ore of quite different 
nature. Thus, along the capillaries of the 
nictitating membrane of the frog’s eye are 
peculiar cells with long, branching proc- 


Artery 



Arterio-venous anastomosis 

Fig. 207. Network of blood vesseU in the web of a frog shelving the connection of arteries and 
veins with the capillary network and direct connections between arterioles and venules. Many 
chromatophores are scattered along the capiUanes. Medium magnification. (A.A.M.) 

use of special histologic methods. Tlie esses which surround the capillary wall 

pericapillary mesenchymal cells are beau- (Rouget cells) . These cells have been seen 

tifully demonstrable in the serous mem- to contract under electric stimulation 

branes (Fig. 79)- In certain instances the (Vimlrup). Hence, in this membrane, 
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these cells may be considered to be of tlie 
nature of smooth muscle cells. According 
to Zweifach the Rougel cells round up, 
but do not contract when prodded. Vol- 
lerra claims that the Rouget cells lack the 
birefringent myofibrils characteristic of 
smooth muscle. Studies made on living 
blood vessels in chambers inserted in the 
rabbit’s ear indicate that capillary con- 
tractility in the mammals does not depend 
on the Rougel cells (Clark). Micro- 
dissection studies have shown that the 
endothelial cells may contract after direct 
mechanical stimulation. 

The fluid part of the blood reaches the 
elements of the tissues only by passing 
tlirough the endothelial protoplasm of the 
capillaries. Leukocytes pass through the 
wall by their ameboid movement in which 
they push apart the processes of the endo- 
thelial cells, or pass through tlic proto- 
plasm of these cells and form temporary 
openings which close immediately after 
their passage (Fig. 89). 

The capillaries connect the terminal 
branches of arteries and the beginnings 
of the veins; they always form extensive 
networks by their frequent branchings 
and anastomoses; these networks thor- 
oughly penetrate the various tissues which 
they nourish. In most instances, the 
meshes of the capillary network, adjust- 
ing themselves to the available free spaces 
between the elements of the tissues, have 
a polygonal shape and are of approxi- 
mately equal size in all planes (Fig. 207). 

It is obvious that if the tissue consists of a 
thin membrane, its capillary network will be 
arranpet! in the same plane. If the tissue ele- 
ments are all elongated and lie parallel to one 
another, as in nerves, tendons, or muscles, the 
capillaries between them form a network with 
elongated meshes, often with right angular 
mc«hes in some of the mu«cles (Fig. 138). 

The higher the metal)oli«m of the organ, the 
denser is its network, and vice tersa. In the 
pulmonary aheoli the meshes are somewhat less 
than the diameter of the capillary tubes theni- 
eelves. The capillary networks are dense in van- 
ous glands, in the mucous membrane of the intes- 


tinal tract, etc. In the gray matter of the central 
nervous system, the vascular network is consid- 
erably denser than it is in the white matter which 
consists only of nerve fibers. In tendons the cap'll- 



in the media; adi, adientitia ; x, origin of a capil- 
lary from the artery; y, pericyte; z, perivascular 
(adventitial) histiocyte; end, v, endothelial 
nuclei. 187 X- 

larles are scarce, while in adipose tissue they 
are abundant. 

The transitions between arteries and capil- 
laries and between capillaries and veins are 
gradual. This applies to the structure of the wall 
as well as the caliber of the vessel. However, 
capillaries are often found which project directly 
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from small arteries liefote a complete ramification 
of the latter lias taken place; similar!), accessory 
capillaries freTuently enter directly into a well 
developed small vein. 

In following llie rumifications of an artery in 
the direction of the flow of the blood, only that 
part of the wall of the vessel wliich has entirely 
lost its muscular elements and consists only of 
endothelium should be called a capillary (Fig. 
208, x). The first stretches of the capillary net- 
work are ordinarily called the arterial capillarUi; 
tlicy are usually a little wider than the main 
iiias^ of the network. Where the veins are formed 
from the capillary network, the capillary tubes 
again become gradually wider and at the same 
time less numerous — these arc the so-called 
venous capillaries, which not infrequently have a 
considerable diameter. Tlie appearance of the 
first smooth muscle cells or of denser collagenous 
fibers in llieir walls indicates the beginning of a 
small vein. The concept of arterial and venous 
capitlaiies is rather indefinite and it is often 
impossible to distinguish them by the width of 
their apertures from ordinary capillaries. 

In the capillaries of the intestinal villi, part of 
those in the renal glomeruli, hyaloid membrane 
of the frog's eye and the majority of developing 
embryonic capillaries, it has not been possible to 
demonstrate tlie outlines of separate endothelial 
cells. Accordingly, in these places the endo- 
thelium is thought to be a continuous, proto- 
plasmic membrane. 

Sinusoids. In certain organs there is 
another type of connection between 
arteries and veins. Tliese are called 
“sinusoids” and are structurally quite dif- 
ferent from the capillaries. The capillaries 
liav'e a constant bore and a complete endo- 
thelial lining in which the cell boundaries 
are clearly demonstrable in most cases by 
treatment with silver nitrate. The sinus- 
oids, on the contrary, have irregular, 
tortuous walls which vary from 5 to 30 ^ 
or more in diameter in fixed material. 
Their walls are not formed by a continu- 
ous layer of endothelial cells, as in the 
capillaries, but by irregularly scattered 
phagocytic and nonphagocytic cells. The 
ordinary capillary endothelial cells do not 
store vital dyes or phagocytose bacteria as 
do the obvious phagocytes of the sinus- 
oids. The outlines of the cell bodies in the 


sinusoids ore not demonstrable in most in- 
stances by treatment willi silver nitrate. 
Unlike the capillaries, the sinusoids are 
not accompanied by a connective tissue 
layer except for a dense, membranous net- 
work of reticular fibrils. The sinusoid* 
probably represent a primitive type of 
capillary. In the adult mammalian body, 
sinusoids occur in the blood-forming tis- 
sues, the liver and certain endocrine 
glands. 

Some claim that there is no dilTerencc between 
tlie pliagoc)tev lining the sinuses and the ordi- 
nary* endothelial cells of other blood vessels and 
that phagocytosis only occurs in tho<e vessels 
wliere the blood flow is stippt>«ed to he sluggish- 
os in the sinuses. However, studies of the living 
circulation show that the rate of flow vane* con- 
siderably in all c.ipillaries (and sinuses) and lliat 
it often cea-cs for hours in many vessels which 
ore not sinuses, but phagocytosis and dye storage 
b)rthe common endothelial cells in these vessels, 
os in muscle and in the glomeruli, have not been 
repotted. Accordingly, the concept that phago- 
cytosis by cells lining vessels depends on a slug- 
gish circulation should be dropped. 

ARTERIES 

The blood Is carried from the heart to 
the capillary networks of the tissues and 
organs of the body by arteries. These are 
lubes which begin with the aorta and pul- 
monary artery on the left and right sides 
of the heart, respectively, and then split 
into smaller branches. The caliber of the 
arteries gradually decreases as they recede 
from the heart, while the sum of the 
diameters of the lumens of all of the 
branches of these arteries increases 
greatly the further they are from the 
heart. The lining of the walls of all of the 
arteries consists of the same kind of 
endothelium as is found in the capillaries. 
But external to the endothelium in the ar- 
terira, other elements can he distinguished 
which cause the strength, rigidity, and 
complexity of the arterial walls; all of 
these qualities decrease progressively in 
passing from the larger arteries which 
originate in the heart to the capillaries. 
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IJcsules the endotlielium tlic arteries arc 
composed of: (1) fihroblasls and collag- 
enous fibers, (2) bands and networks of 
elastic fibers, and (3) sinoolli imiscle cells, 
'flic arterial nalU are abundantly pro- 
\ ided u ilh ner\ es, and in the large arteries 
small blood and l)mpliatic vessels are 
present. 

Tiic wall of the largest arteries (ns the 
aorta) differs from the wall of arteries of 
medium caliber (ns the radial artery) by 
its absolute thickness and by its structure. 
In the aorta the middle layer of the vessel 
is distinctly yellow, due to the predomi* 


0.3 mm. in diameter or smaller, arc usu- 
ally grouped in a separate class and are 
called arterioles. In the transition between 
the arterioles and the capillaries some au- 
thors distinguish precapillary arterioles — 
an ill-defined concept. The peculiarities in 
the structure of the different types of ar- 
teries arc jcfleclcd in their physiologic 
significance. 

In the walls of every artery, three layers 
can be distinguished: (1) The inner coal. 
tunica Ultima or interna, whose elements 
arc oriented mainly longitudinally. (2» 
The iiitcrincdiate coat, tunica media; most 





Fip. 209. Cro'»s section lliroiijili a small arlery (/I) and Us accompanying vein ()') from the sub- 
mucosa of n bumaii intclinc: odixi and m/tr. Adtrntilia of the arlery and vein; c, cross sections of 
capillaries; rm/n and en<l<, endolbetium ot tbe artery ond vein; eli, ebistlca interna; m, muscle cells 
of the media; /, fat cells in ihc loose conneclivc tissue. 187 X- 


nance of clastic clcnienls; in the second 
instance it is red gray hecause of smooth 
muscles. The arteries of elastic type are of 
large caliber and include the aorLi, in- 
nominate, subclavian, the beginning of Uic 
common carotid, and the pulmonary ar- 
teries; tlicsc are also called the conduct- 
inf; arteries. The arteries of muscular ty}>e 
(the distributing arteries) include tlic ma- 
jority of the arteries; tliey continue from 
tbe above-mentioned large vessels close to 
the heart and extend to the unnamed ar- 
teries which are difiicult to distinguish 
V'ith the naked eye. The smallest arteries. 


of its elements are directed circularly. 
Tliis is the thickest layer of the wall and 
its cliaractcr determines the type of arlery. 
(3) The external coat, tunica adventitia 
or externa; most of its elements run par- 
allel to the long axis of the vessel. The ele- 
ments of this tunic gradually merge with 
those of the surrounding loose connective 
tissue which accompanies every blood ves- 
sel. Tlic boundary between the tunica 
intiina ond tunica media is formed by the 
internal e/«stic membrane which is par- 
ticularly noticeable in arteries of medium 
caliber. Between the tunica media and the 
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tunica adventitia, an external elastic mcm- agonal contraction of the muscle fibers 
brane can be distinguished in most cases, throws it into longitudinal folds. 


A M 



Fig. 210. Cross section of the central arter> of llie human retina: /, Stainetl willi Iiemaliim-eosm; 
2, stained with orcein; //, adventitia; £, endothelium; £i, internal elastic memlirane; I, intima; 
M, muscular Ia>er. 100 X. After ScliafTcr. 

Small Arteries — Arterioles. Tlie The litnica media of small arteries con- 
tunica inlima consists only of endothelium sisls of smooth muscle cells, 15 to 20 n in 
and the internal elastic membrane (Fig. length. They are always oriented trans- 
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Fig. 211. Two cross sections of the same volar digital artery of a man; left, stained with hematoxylin 
and eosm ; right, stained witli orcein to show elastic tissue. 80 X. Slightly modified after Sc a er. 

209) In cross section the elastica interna versely to the length of the vessel, and are 
usually appears as a thin, bright line just bent with the curvature of the arterial 
beneath the endothelial nuclei. It is mark- svall. The number of layers of muscle ce s 
edly scalloped in sections, because the depends on the caliber of the artery. 
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The tunica adventitia approximately 
equals the tunica media in thickness; it is 
a layer of loose connective tissue with 
longitudinally oriented, collagenous and 
elastic fibers, and a few fihrohlasts. It 
merges with the surrounding connective 
tissue. The small arteries lack a definite 
external clastic membrane. 

Wlien these small arteries merge into 
capillaries, the endothelium remains unin* 
terrupted and unchanged while the inter* 
nal elastic membrane becomes progres- 
sively thinner and disappears when the 
vessel has a diameter of 62 ft. The spindle- 


The internal elastic membrane is well 
developed. In cross section it appears 
homogeneous and bright; due to agonal 
contraction of the tunica media it is typ- 
ically scalloped (Fig. 211). In large blood 
vessels it is a thick, “fenestrated” elastic 
membrane provided with a number of ir- 
regular, rounded or oval openings (Fig. 
214). In many arteries the elastica interna 
is split into two or more layers (Fig. 212, 
/). 

The tunica media of arteries of mus- 
cular type consists almost exclusively of 
smooth muscle cells arranged in concen- 



Fig. 212. Portion of a cross section of a mesenteric artery of a man* A, Adventitia: Ex, external 
elastic la}er; G, branching elastic fibers; /, elastica of the intima, which is liere split into two layers; 
^1/, tunica media; R, radial elastic fibers. Orcein stain. 110 X- After Schaffer. 


shaped muscle cells disappear when the 
caliber of the blood vessel decreases to 
that of the capillary. The tunica adventitia 
loses its elastic fibers which are replaced 
by networks of reticular fibers and the 
perivascular cells of the capillaries. 

Arteries of Rledium Caliber or of 
Muscular Type. This group comprises 
most of the arteries. The tunica intima is 
lined by the endothelium which is con- 
tinuous with that of the arteries of small 
caVtber. Beneath the endothelium in the 
smaller arteries of this group is the inter- 
nal elastic membrane. In larger vessels, 
collagenous and elastic fibers and a few 
fibroblasts lie beneath the endothelium. 


trie layers. Thin reticular fiber mem- 
branes can he demonstrated to form 
sheaths for the individual muscle cells. 
Thin elastic fiber networks %vith wide 
meshes course circularly in the tunica 
media and continue into the external and 
internal elastic membranes (Fig. 212, G). 

The tunica adventitia of arteries of the 
muscular type is sometimes thicker than 
the tunica media. It consists of loose con- 
nective tissue whose collagenous and elas- 
tic fibers pass predominantly in the longi- 
tudinal or tangential directions. The 
elastic layer immediately adjacent to the 
smooth muscles stands out as a well de- 
fined, perforated membrane, the external 
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elastic membrane. The tunica adventitia 
passes over into the surrounding connec- 
tive tissue without sharp boundaries. Ow- 
ing to this loose consistency oC its external 



vv 

Fig. 213. Longitudinal section through the 
posterior wall of the human descending aorta. 
The elastic tissue is black — the other elements are 
not shown clearly i.Intima; M, media; i4,aihen- 
titja; n, subendotlielial layer; from b to c, the 
longitudinally striated layer, which becomes a 
fenestrated membrane at c; d, fenestrated elastic 
membrane ; e, the last membrane, elastics externa, 
on the boundary between adventitia and media; 
w, vasa vasorum. Elastic fiber stain. 85 X- Re- 
drawn after Kolliker-v. Ebner. 

layers, the tunica adventitia permits the 
arteries to move vdthin certain limits and 
allows the constant changes in the size of 
the lumen; it also limits the amount of 
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shortening of the arteries which taVes 
place after they are cut. 

Arteries of Large Caliber or of 
Elastic Type. The resistant, clastic wall 
of these bfood vessels (as the aorta) is 
, much tliinncr in comparison with the size 
► of their lumen than that of the vessels of 
the preceding group. 

, Tunica Ititima. Tlie tunica intima in an 
adult man is rather thick (127 fi) (Fig. 

I 213, /). The endothelium differs from the 
endothelium in smaller arteries by the fact 
that the cells arc not elongated but ba^e 
an oval or polygonal form. The layer 
directly beneath the endothelium is nor- 
mally tliin. It consists of a few thin inter- 
lacing fibers and fibroblasts. A few wan- 
dering cells may be present normally. The 
next layer consists of many branching 
clostic fibers which fuse in places into a 
more or less well pronounced, striated 
membrane. Between these fibers are a few 
collagenous fibers, fibroblasts, and small 
bundles of smooth muscle cells. Externally 
this layer of clastic fibers passes into a 
fenestrated, clastic membrane, which by 
its location corresponds with the internal 
elastic membrane. But it does not differ 
from tlie many similar membranes which 
folloiv toward the exterior and form the 
tunica media of the aorta. Thus, the tunica 
intima in tlie largest blood vessels is but 
poorly delimited from the tunica media. 

Tunica Media', The tunica media con- 
sists mainly of elastic tissue .(Fig. 213, 
ilf). In the human aorta .it appears in the 
form of 50 to 65 concentric “fenestrated 
elastic membranes, 2.5 thick, between 
which the interspaces measure 6 to 18 p. 
The neighboring membranes are fre- 
quently connected with one another by 
clastic fibers or bands. 

In the spaces between two adjacent elas- 
tic membranes are thin layers of connec- 
tive tissue ivith very thin collagenous and 
elastic fibers, fibroblasts, and'smooth mus- 
cle cells (Fig, 215). The latter, particu- 
larly in the inner layers of the tunica 


THE DLOOD VASCULAH SYSTEM 


239 


media of the aorta, are flattened, branched 
elements with very irregular outlines and 
serrated edges; they have characteristic, 
rodlike nuclei. Most of them are arranged 
circularly. These smooth muscle cells are 
closely surrounded by collagenous fibers 
)vhich bind them to the elastic membranes, 
lletween these various structures is an ap- 
preciable amount of basophil amorphous 
ground substance which stains like mucus 
with certain dyes. The basophilia of this 
ground substance is believed by some to 
be due to the presence of chondroitin 
sulphuric acid. 

Tunica Advenlitia. The tunica adven- 
titia in arteries of large caliber is rela- 


leries (externa! iliac) have walls like 
those of medium-sized arteries. The 
change of an artery of elastic type into 
an artery of muscular type usually takes 
place gradually, so that the intermediate 
regions are often designated arteries of 
mixed type. Such are the external carotid, 
axillary, and common iliac arteries. In 
their middle tunics are islands of smooth 
muscle fibers which interrupt the elastic 
membranes in many places. 

Where arteries of mixed or elastic type 
pass suddenly into arteries of the muscu- 
lar type, sliorl transition regions occur; 
these are called arteries of hybrid iype, 
and ore found in the visceral arteries 



Fig. 214. Portion of a fenestrate«l elastic membrane from the aorta of a calf: el. Elastic substance; 
openings; m, smooth muscle cells adherent to the membrane. 250 X. Redrawn after Prensnt. 


lively thin. It cannot be sharply distin- 
guished from the surrounding connective 
tissue. The most external of the fenes- 
trated membranes of the tunica media 
serves as an external elastic membrane, 
from which numerous elastic fibers pro- 
ject. There is a gradual transition from 
the tunica adventitia into the surrounding 
loose connective tissue with its fat ceDs. 

The Connection Between Arteries 
of Different Types. As one type of 
artery goes over into another without 
marked boundaries, it is sometimes very 
diiTicuU to classify an artery as of a given 
lyp®- Some arteries of rather small caliber 
(liopliteal, tibial) have walls which sug- 
gc?t large arteries, while some large ar* 


which arise from the abdominal aorta 
(Fig. 212). In them, for a varying dis- 
tance, the tunica media may consist of two 
different layers — the internal is muscular 
and the external is composed of typical 
elastic membranes. 

Special Types of Arteries. In the tunica 
media of the arlcries of the lower limbs, the 
muscular tissue is more highly developed than 
in the arteries of the upper limbs. 

The arteries of the skull, which are protected 
from external pressure or tension, have a very 
thin wall and a well developed elastica interna. 
In the tunica media the elastic fibers are almost 
entirely absent. 

Tlie umbilical artery has a quite atypical, 
special structure. Its intima consists only of endo- 
thelium and lacks an internal elastic layer. The 
tunica media contains a small number of elastic 



240 


TEXTDOOK OF HISTOLOGY 


fibers and thick, muscular Ia)ers which are 
sharply separated from each other. The inner 
layer is composed of longitudinally directed 
fibers; in many places these form longitudinal 
protrusions into both the lumen and the outer 
circular muscular layer. Tlie extra-abdominal por- 
tion of the umbilical artery is provided with 
numerous oval swellings; in these regions the 
wall becomes thin and consists almost cxclushely 
of circularly arranged muscles. The various 
organs show difTercnces in their arteries. These 
are described in the following chapters. 

Physiologic Significance of the 
Slrticlurc of Arlerics. As tlic movemeiil 


Willi llic closure of the aortic and puU 
monary valves this tension becomes trans- 
formed into kinetic energy ivhjch moves 
the blood forward ivhile the ventricles are 
at rest (diastole). At the beginning of the 
arterial system the flow of blood is irregu- 
lar; it becomes more and more continuous 
in the direction of the terminal ramiftca- 
lions. 

TIic arteries of clastic type can be re- 
garded as regulating the general blood 
circulation, while tlic muscular arteries, by 
contracting or relaxing, decrease or in- 



Fig. 215. Cross section of a part ol the media of the aorta of a five-jear-old boy: el. Cross sections 
of the fenestrated elastic membranes, between which are fine collagenous fibers; m, smooth muscle 
nuclei. Orcem and hematoxylin. 500 X- (AJV.M.) 


of the blood in the arteries is caused by 
the contractions of the heart, it is rlijih- 
mically interrupted. If the walls of the 
arteries were inflexible, the flow of blood 
in their terminal branches would also he 
irregular. But the walls of the largest ves- 
sels near the heart are composed of an 
elastic, easily expanding tissue, and only 
a part of the force of contraction (systole) 
immediately advances the blood. The re- 
mainder of the force of the contraction ex- 
pands the large elastic arteries and is 
accumulated as potential energy in the in- 
creased elastic tension of the arterial wall. 


crease llie supply of arterial blood m any 
region of the body. These contractions 
and dilatations of the muscular arteries 
are regulated by the vasoconstrictor and 
vasodilator nerves of tlie autonomic nerv- 
ous system xvhich terminate in the smooth 
muscles. 

The muscular tissue of the arterial 
waffs is normaWy somewhat contracted,* 
this is the basis o'f the tone of the vessels. 
The degree of tone fluctuates continu- 
ously. 

Changes in the Arteries with Age. The 
attenal blood vessels reach their mature form only 
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in adult life. During the fourth month of cm* 
hryonic life in man, the arteries first acquire their 
three main layers, tunica intima,' turtica media, 
and tunica adventitia. From this lime the wall 
o( the vessels changes gradually, so that the 
intima of tlie aorta, for example, hecomes com- 
plete only at about thirty years of age. The arterial 
system, with the heart, is always active mechan- 
ically and seems to v^ear out more than any other 
system of organs. Accordingly, the final ililler- 
entialion of the structure of the wall frequently 
cannot be sharply separated from the regressne 
changes which develop gradually with age and 
lead to arteriosclerosis. Indeed, some authors 
view this process as a physiologic, others as a 
pathologic, progression. In general, arteriosclero- 
sis is a pathologic process when its intensity m a 
given vessel is heyond the norm for this vessel 
at a particular age The arteries of elastic type, 
particularly the aorta, show much greater changes 
with age than do the arteries of muscular type. 
The small arteries hardly participate in this 
process under physiologic conditions. 

In the aorta of a four months' human embryo, 
the intima consists only of the endothelium and 
of one rather thick, elastic membrane— the elas- 
tica intern.'!. The media consists of several layers 
of circular smootli muscles, between winch arc 
fiat networks of elastic fibers. Tlie adventitia 
IS thicker than the media and consists of em- 
bryonic connective tissue. See also Jackson (193S), 

At tile end of embryonic life the internal elastic 
membrane becomes thicker while the fiat net- 
works of elastic fibers in the media turn into 
thick elastic memhranes The muscular efements 
have increased slightly in number, but are still 
inconspicuous. The adventitia by this time has 
become smaller. 

After birth the number and thickness of the 
elastic membranes in the media of the aorta 
gradually increase. They are much like the elas- 
lica interna now. Between the endothelium and 
the elastics interna in the intima, an elastic 
muscular layer appears. It arises in pari by a 
splitting of the elastica interna and in part by 
the new formation of collagenous and elastic 
fibers, and gradually increases in thickness. At 
about the age of twenty-five, these layers are 
completely difierentiated 
The medium-sized muscular arteries, as the 
brachial, even in the middle of embryonic life, 
have an intima composed of an endothelium and 
an elastica interna, a media of circular smooth 
muscles, and an adventitia The last has a well 
pronounced elastica externa which is surrounded 
by a connective tissue layer rich in elastic fibers 
Toward the end of the embryonic period the 


greatly thickened media consists only of circular 
'muscles bounded by the external and internal 
elastic membranes. After birth, in the arteries 
of muscular type, in addition to the thickening 
of tlie wall as a whole, a connective tissue layer 
gradually develops between the endothelium and 
the elastica interna. 

The wearing out of a large vessel, as the aorta, 
is shown mainly in an irregular thickening of 
the tunica intima. Later on, fat infiltrates the 
interstitial substance and the degenerative proc- 
esses begin. In the tunica media, the elastin 
of the fenestrated memhrane may transform into 
the nonelastic elaein. In the medium-sized ar- 
teries of muscular type, tlie main change is a cal- 
cification within the tunica media, although the 
intima frequently thickens through a splitting 
of the elastica interna and the new formation of 
collagenous and elastic fibers. 

VEINS 

The blood is carried from ihe capillary 
networks loward ihe heart by the veins. 
In progressing toward the heart, the call* 
her of the veins gradually increases while 
the wall becomes thicker. The veins usu* 
ally accompany their corresponding ar- 
teries. As the caliber of an artery is al- 
ways Jess than that of the corresponding 
vein or veins, the venous system has a 
much greater capacity than the arterial 
(Fig. 209). The wall of the veins is always 
thinner, softer and less elastic than that 
of the arteries. Hence in sections the veins, 
if empty, are collapsed and their lumen is 
irregular and slitlike. 

One can frequently distinguish three 
types of veins: those of small, medium- 
sized and large calibers. This subdivision 
IS often unsatisfactory for the caliber and 
the structure of the wall cannot always he 
correlated. Individual veins show miicK 
greater variations than do the arteries 
and the same vein may show great differ- 
ences in different parts. 

Most authors distinguish three layers in 
the walls of (he veins; tunica intima, 
tunica media and tunica adventitia. But 
their boundaries are frequently indistinct 
and in certain veins these coats, particu- 
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lari} t)ic tunica media, cannot l>c distiit' 
guished. Tlic muscular and clastic tissue 
is much more poorly developed in the 
veins than in the arteries, uhilc the con* 
nective tissue is much more prominent in 
the veins. 

Veina of Small Caliber, When sev- 
eral capillaries unite they first form n lube 
about 20 fi in diameter. This consists of a 
layer of endothelium surrounded by a 
\ery thin layer of longitudinally directed 
collagenous fibers and fibroblasts (Fig. 
216) . Wlicn the caliher has increased to 
about 45 ft, partially difrcrentialcd. 


ghudinally and some enter the spaces bc- 
tivccn the mu^le cells of the tunica 
media. 

Veins of Meiliiiin Caliber. The veins 
of medium caliber (2 to 9 mm.) include 
tbc cutaneous and deciier veins of the c.v 
trcniiiics up to the brachial and the poji- 
liteal, and the veins of the viscero and 
bead t^ith the exception of the main 
trunks. In the liiiiica tnlima of these veins 
the endothelial cells are irregular poU* 
gons. Sometimes the tunica intima also 
contains an inconsj)lcuous connective tis- 
sue layer with a few cells and very thin 



Fi". 216. Cro«« seffion through tlie central vein i>f the Iiwman retina, a. Stained with hemalutn- 
eO'Jn; b, witii aonl orcein E, Endolheimm; /T, connecthe ti^ue «all \vii<i*e fine elastic fibers are 
visible in 6 160 y. \fter Scliaffcr. 


smooth muscle cells appear between the 
endothelium and the connective tissue. 
These cells are at first located at some dis- 
tance from one another; they later be- 
come arranged closer and closer together. 
In veins with a diameter of 200 n these 
elements form a continuous laver and 
have a typical, long, spindle .shape. In still 
larger veins thin networks of elastic fibers 
appear. In them the tunica intima consists 
only of endothelium while one or several 
layers of smooth muscle cells form the 
media. The tunica adventitia consists of 
scattered fibroblasts and thin ela.stic and 
collagenous fibers; most of them run lon- 


clastic fibers. Externally it is sometimes 
bounded by a network of elastic fibers, A< 
It IX frequently feeblv developed, some 
authors consider the inner and middle 
coats as forming one lajer. 

The tK«ic« nifdh is much thinner than 
in the arteries, and consists mainly of 
circular smooth muscle fibers separated 
by many longitudinal collagenous fibers 
and a few fibroblasts (Fig. 217), 

The tunica adveniitia is usually much 
thicker than the media and consists of 
loose connectne tis-sue with ihiefc, longi- 
tudinal. collagenous bundles, and elastic 
networks. It often contains in the layers 
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adjacent to the media a number of longi- The tunica media in general is poorly 
liidinal smooth muscle bundles. developed and is sometimes absent. Its 



Fig. 217. Croos section through the common digital vein of a nun <i. Stained with hemalum-eosin; 
b, with acid orcein; A, adventitia; E, endothelium; I, Internal elastic membrane; M, muscular 
cnat. 80 X. After Schaffer. 

Veins of Large Galilier. The tunica structure is the same as in the veins of 
intima has the same structure as in the medium caliber. Tlie tunica adventitia 



Fi-j. 218 Low power view of human vena cava. Note the muscular adventitia. 

medium-sized veins. In some of the larger composes the greater part of the venous 
trunks its connective tissue la>er is of con- wall and is usually several times as thick 
sineraWe thickness (45lo68;il. as the tunica media (Fig. 218). It con- 
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sists of loose conncclive tissue containing 
thick elastic fibers and mainly longitudi- 
nal collagenous fibers. In the layer od- 
jacent to the tunica media or. If the latter 
b absent, to the tunica intima, the tunica 
adventitia contains prominent longitudi- 
nal layers of smooth muscles and clastic 
networks, This is the structure of the in- 
ferior vena cava ond the portal, splenic, 
superior mcsenlctic, external iliac, renal 
and azygos veins. 


like an artery in tWs tetpccu ScRcjoth musek^ 
ore patticuIaTJy prominent jn all the layers cl 
the smlls of the scins in a pregnant uterus. 

Certain veins ore entirely devoid of smooth 
Rtuscib jisiue and conscflueatly of a tunica media. 
Iti this group belong ibe veins of the maternal 
part of tljc placenta, of the spinal pia maiw, of 
the retina, of bones, ilie sinuses of the dura 
mater, tfie majority of tbe cerebral veins, the 
veins of the nail bed and of tbe trabeculae of 
the spleen. Tbe last two are simply channels 
fined by tndotbeliunt vdtfi a fibrods eonaeclive 
tissue- covering. 


H 



Fig. 219. From a cross section tbrougfv the femoraj vein of a roan. Tbe section passes through 
the origin of a valve: Adventitia with its elastic membrane, iFH; £1. clastic fiber network in the 
intima; Ei'y fJae same on tbe inner surface of tbe valve leaflet; F, fat cells; K, leaflet of the valve; 
L, longitudinal muscles at the base of the volve; f'f', vasi vasorum; Z, circular muscle bundles m 
the media. Acid orcein stain. 70 X. After Schaffer. 


Special Types of Veins. There are longi- 
tudinal or tangential smooth muscle fibera in the 
gubendothelial connective tissue layer of the 
tunica mtima of the iliac, femoral, popliteal, 
saphenous, cephalic, basilar, median, umbihtal, 
and other veins. In certain veins, the longitudinal 
orientation is also noticed m tbe innermost mus- 
cular layers of the tunica media. 

In a considerable portion of tbe inferior vena 
cava, the tunica media is absent and the well 
developed longitudinal muscle bundles of tlve 
tunica adventitia are directly adjacent to the 
intima. fn the pulmonary veins the media is 
very well developed with circular muscles and it 


Tbe adventitia of the vena cava end particu- 
larly of tlie pulmonary vein is' provided for ^ 
considerable distance wnii a lajer of cardiac 
muscle fibers arranged in a ring with a few 
longitudinal fibers where these vessels enter the 
heart. In tbe rat, tbe pulmonary veins up to ibeir 
radicles contain mucli cardiac muscle in Ibe 
tunica media. 

The Valves o! the Veins. Many 
veins of medium caliber, particularly 
Uiose of the extremities, are provideii ivith 
valves ivJiich prevent tbe blood from flow- 
ing away from the heart These ate semi- 
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lunar pockets on the internal surface of 
the wall and are diretted with their free 
edges in the direction of tlie blood flow. In 
man they are usually arranged in pairs, 
one opposite the other, distal to the 
branches entering the veins. Between the 
valves and the wall of the veins there is 
the so-called sinus o/ the valve; in this 
place the wall of the blood vessel is usu- 
ally distended and quite thin. 

The valve is a thin, connective tissue 
membrane; on the side toward the lu- 
men of the vessel, it contains a thick net- 
work of clastic fibers which are continu- 
ous with those of the tunica intima of the 
vein (Fig. 219, Ei). The wall of the vein 
is thinner in the region of the sinus; here 
its intimal and medial tunics contain only 
longitudinal smooth muscles; these do not 
enter into the substance of the valve in 
man (Fig. 219, L), 

Both surfaces of the valve are covered 
by endothelium which is reflected from 
the internal surface of the intima. The en- 
dothelial cells lining the surface toward 
the lumen of the vessel are elongated in 
the axis of the vessel; those which line the 
valves facing the sinus, on the other hand, 
are elongated transversely. 

The Blood Vessels of DIood Vessels (Vasa 
Vasorum), The walls of all arteries and veins 
with a caliber greater than I mm. are provided 
with their own blood \esse1s, the \asa vasorum. 
These originate from the adjacent small arteries 
and form a dense capillary network in the ad- 
ventitia. In even the larger arteries they do not 
penetrate further than the external lajers of the 
media (Fig. 213, rti). In the veins, however, 
the) are in general more abundant and may even 
penetrate up to the intima; the veins of these 
blood vessels often open into the lumen of the 
vessels which they drain. Networks of thin-walled, 
frefjuenily very wide lymphatics have been 
proved to be present in all of the larger arteries 
and veins. They connect with the ptrivxucvlar 
lymphattcs and according to some authors may 
even be traced into the media. The blood vessels 
in the central nervous system are surrounded 
by perivascular lymphatic spaces winch are 
bounded externally by a limiting membrane of 
neuroglia 


Nerves of Blood Vessels. All the blood ves- 
sels, particularly the arteries, are well supplied 
with nerves. These are of two types, vasomotor 
and receptor or sensory nerves. (See p. 198.) 

Olher Connections Between Arler* 
ics ant! V'^cins. As a general rule, a cap- 
illary network connects the terminal 
ramifications between the arteries and 
veins and the transition occurs gradually. 
In many organs and tissues, however, 
there are modifications of this vascular 
plan which are adapted to the peculiar 
functions of the particular tissues. 

In certain cases an artery or vein may ramify 
into a number of capillaries which are then col- 
lected into larger vessels of the original type, 
t. e, an artery or vein. An example of this is 
found in the arteries which form the glomeruli 
of the kidney; the alTerent artery suddenly breaks 
up into a mass of twisting capillaries which 
coalesce to form the efTcrent artery. The portal 
vein of the mammaUan liver arises from the capil- 
lary networks of the abdominal viscera, enters the 
liver and separates into a network of sinusoids. 
They penetrate tlie organ and are then gathered 
into the hepatic vein. Tliis is a “portal” system. 

Artcrio'venotis Anastomoses. - The 
terminal ramifications of arteries are con- 
nected with veins not only by capillaries 
but also by direct arterio-venous anas- 
tomoses in many parts of the body. As 
the lumen of these anastomoses changes 
within wide limits and is often closed, the 
anastomoses are probably a mechanism 
for the local regulation of blood circula- 
tion and pressure. In addition to these 
simple direct communications, Masson has 
described highly organized connections 
between arteries and veins which occur as 
part of a specific organ, the glomus^ found 
in the nail bed, the pads of the fingers and 
toes, ears, hands and feet. The afferent 
arteriole enters the connective tissue cap- 
sule of the glomus, loses its internal elas- 
tic membrane and develops a heavy 
epithelioid muscle coat and narrow lumen. 
This arterio-venous anastomosis of the 
glomus may he branched and convoluted, 
and is richly innervated by sympathetic 
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and myclinalcd nerves. TJic onastomosh 
eniplies into a short, thin-walled vein 'vilh 
a wide lumen which drains into n pcri- 
glomic vein and then into the ordinary 
\ cins of the skin. 

In addition to helping regulate the flow 
of blood in the extremities, it is claimed 
.that the glomus is concerned with tem- 
perature regulation and conservation of 
heaL 


A special place in the blood vascular aysiem 
is occupied by the ca>emous tissue of erectile 
organs (sec Chapter XXIV). 



Fig, 220. Coccjgcal body of man. I'oriion of a 
cross section; li. Connective tissue; F, fat cells; 
Ly vessel in longitudinal, Q, in cross, and, T, in 
Jangcniial sections; F, veins. Mallory's aniline 
blue stain. 110 x* After SchafTer. 

The Coccygeal Body. This organ, 
erroneous}) included in the paraganglia, 
does not contain chromafBn celb. It is sit- 
uated in front of the apex of the coccyx 
and measures 2.5 mm. in diameter. It coO' 
sists of numerous arlerio-tenous anas- 
tomoses embedded in a dense fibrous 
matrix. The smooth muscle cells have 
undergone extensive “epithelioid” change. 
An internal secretion has not been demon- 
strated in this organ. 

THE HEART 

The heart, a thick, muscular, rhyth- 
mically contracting portion of the vascu- 
lar system, is a roughly cortical organ. It 


lies in the pericardial cavity v.-ilhin the 
mediastinum. It is about 12 cm. long, 9 
cm. wide, and G cm. in its anteroposterior 
diameter. It consists of four main cham- 
bers; Q right and left airium and a right 
and left ventricle. The superior and in- 
ferior venae cavae bring the venous blood 
from the body to i!;e right airium whence 
it passes to the right ventricle. From 
here the blood is forced through the 
lungs where it is aerated and brought to 
the left airium. It then passes to the left 
ventricle and is distributed throughout the 
body by the aorta and its branches. The 
atria arc separated from the venlricles b) 
the tricuspid and mitral valves on the 
right and left sides. The pulmonary artery 
and the aorta arc separated from the right 
and left ventricles respectively by the 
semilunar valves. 

The wall of the heart, in bolii the atria 
and the ventricles, consists of three main 
layers; (1) the internal or endocardium, 
(2) the intermediate or myocorrfiwm, (3) 
the external or cpicardium. The internal 
layer Is in immediate contact will; the 
blood; the myocardium is the contractile 
layer; and the epicardiiim is the visceral 
layer of the pcncardtum, Tlris is a serous 
membrane which forms the pericardial 
sac in which the heart lies. 

Most authors believe that tlie endo- 
cardium is homologous with the tunica 
intima of the blood vessels, the myocar- 
dium with the tunica media, and the epi- 
cardium with the tunica adventitia. 

Endocardium. The enddeardiura is 
lined with ordinary endothelium which is 
continuous .with that of the blood vessels 
entering and leaving the heart. This endo- 
thelium consists of rounded or polygonal 
cells. In most places, directly under the 
endothelium, there is a thin subendothelial 
foyer; it contains collagenous and a few 
elastic fibers and fibroblasts. External to 
this layer is a thick layer of connective 
tissue ivhich composes the main mass of 
the endocardium and contains great num- 
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bers of elastic elements (Fig. 221, C). 
In the left atrium these elastic fibers pass 
into a typical, fenestrated, elastic mem- 
brane. Bundles of smooth muscle fibers 
are found in varying numbers in this 
layer, particularly on the interventricular 
septum (Fig. 221, L). 

A subendocardial layer (Fig. 221, /), 
absent Irom ibe papillary muscles and the 
chordae tendineae, consists of loose con* 


Ulyocarcliuni. The minute structure of 
the cardiac muscle has been described on 
page 171. In the embryos of the higher 
\ertebrates the myocardial fibers form a 
spongy nctn'’ork. In the adult stage, lion- 
eier, they are bound by connective tissue 
into a compact mass. This condensation 
of the myocardium progresses fropi the 
epicardium toward the endocardium. 
Many embryonic muscular bars remain in 



Fig. 22L Cro<s section tlirough tlie left atrium of a man: to itic left after staining with hematoxylin 
and eosin, to the right after orcein. E, Endothelium; A', subendotlielial la>er; C, inner Ia>er, and, 
L, outer layer with smooth muscle fibers of llie endocardium; /, subendocardial la>er; M, myocar- 
dium; y, blood vessel. 200 X Redrawn after Favaro. . 


uective tissue v»hich binds the endocar- 
dium and the myocardium together and is 
directly continuous with the interstitial tis- 
sue of the latter. It contains blood vessels, 
nerves, and branches of the conduction 
system of the heart. In the spaces between 
the muscular bundles of the atria, the con- 
nective tissue of the endocardium con- 
tinues into that of the epicardium and the 
elastic networks of both layers inter- 
mingle. 


a more or less isolated condition on the in- 
ternal surface of the wall of the ventricu- 
lar cavities. They are covered vvith endo- 
cardium and are called “trabeculae 
carneae.” 

Elastic elements are >ery scarce in the myo- 
cardium of the ventricles of adult mammals 
except m the tunica adientitia of the larger blood 
vessels of these chambers In the miocardium 
of the atria, however, there are networks of elastic 
fibers which run everywhere between the muscle 
fillers and are directly connected w iih similar net- 
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works in ilic endocardium and epicardium. They 
arc also continuous witli tiie elastic nclMorka in 
the walls of the large sein*. A large pan of the 
interstitial conneciue tissue of the cardiac muscle 
consists of extenshe networks of reticular fibrils. 

EptcarcUimt. The epicardium is cov* 
ered on its free surface by a single lajcr 
of nicsothelial cells. Dcncath ihc meso- 
liiclium is a thin layer of connective tissue 
ujlh ilfli nelttorks of elnslic fibers, blood 
\e5scls and many nervous elements. 
About the adventitia of the coronary ves- 
sels there is a loose layer of considerable 
tluckness which contains much adipose 
tissue. 


of dense connective tissue; its main parts 
arc tlic seplum memhranaccum, the fri- 
gona /ibroM, and the annuli fbrosi of the 
atrioventricular and the arterial foramina. 

In man the fibrous rings consist mainly 
of dense connective tissue uhich contains 
some fat and thin clastic fibers. .The struc- 
ture of the septum membranaceum sug- 
gests that of on aponeurosis, with its more 
Tcguior distribution of collagenous bun- 
dles in lajcrs. Tlie connective ti^ue of the 
trigona fibrosa contains islands of chon- 
droid tissue. Tlie cells of the latter are 
globular as in cartilage, although the) 
lack true capsules. The interstitial sub- 



The parietal layer of the pericardium is 
a serous membrane of the usual tjpe — a 
flat layer of connective tissue w’hich con- 
tains elastic networks, collagenous fibers, 
fibroblasts, fixed macrophages, and a cov- 
ering layer of mesoihelial cells. Removal 
of the parietal pericardium in cals resulu 
in a great thickening of the epicardiom 
and an enlargement of the heart. 

The Cardiac Skeleton. The central 
supporting structure of the heart, to which 
most of the muscle fibers are attached and 
with which the valves are connected, is the 
cardiac skeleton {Poirier, Tandler). It has 
a complicated form and consists mainly 


stance stains deeply wilh basic aniline 
dyes and hematoxylin, and is penetrated 
by collagenous fibers and practically no 
elastic fibers. In aged individuals the tis- 
sue of the cardiac skeleton may in places 
become calcified and sometimes even ossi- 
fied. 

There are important differences in the his- 
structure of the cardiac skeleton among 
different animais, and e'en in individuals of dif- 
ferent ages, in some cases it is a simple, dense 
connective tissue with s few elastic fifcers and 
is directly continuous with the interstitial tissue 
of the ci>ocaTclium; in some cases it approaches 
cartilage in its structure (horse and pig) ; ia the 
dog it forms true h> aline cartilage, and contains 
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bone in the o\. These difTerent types of tissue 
may be located m islands side by side, and one 
type may merge into another. 

TIic Cardinc Valves. Atrioventricular 
Valves. Tliese consist of a plnlc of connec- 
tive tissue which begins at the annulus 
fibrosus and is reinforced by ligamentous 
threads. It is covered on tlie atrial and 
ventricular sides by a layer of endocar- 
dium. At the free edge of the valve these 
three layers blend. 

The ground plate consists mainly of dense 
chondroid tissue with small, spindle-shape*! or 
rounded cells and a basophil, fibrillaled, inter- 
stitial substance. The endocardial layer is thicker 
on the atrial side. Here (he subendothelial layer 
has a small amount of chondroid tissue and rests 
upon a connective tissue layer which contains 
many elastic fiber networks and some smooth 
muscles In the vicinity of the annulus fibrosus 
the subendocardial layer Is *iuite loo<e and the 
musculature of the atrium penetrates far into 
It. On the Ventricular side the endocardial layer 
has a similar structure but is much thinner. In 
many places the chordae tendineae enter it. and 
at the base of the valves are some muscle fibers 
from the ventricle. 

Aortic and Pulmonic Valves. The aortic 
and pulmonic valves have the same gen- 
eral structure as the atrioventricular 
valves. In the middle ol the valve are plates 
of chondroid tissue with collagenous and 
thin elastic fibers. At the root of the valve 
all of these continue into the aniiidus 
fibrosus of the arterial foramen and at 
the middle of the free edge they form the 
noduli Arantii. 

On the arterial side this plate is covered with 
a thick, uneven endacatdiunt consisting of: (1> 
connective tissue with very coarse, collagenous 
bundles (Fjg. 221, }Ila) and a few elastic fibers; 
(2) a thin subendothelial layer with an elastic 
network and a peripheral endothelium (Fig. 
221, Ulb). On the ventricular side the central 
plate (Fig. 221, //) is covered v*itb a lliick endo- 
cardium composed of’ (1) a connective tissue 
layer with longitudinal collagenous and elastic 
fibers (Fig. 224, /c) and (2) two connective 
ti«ue layers v>hich arc not sharply outlined from 
e^h other; one o( thei-e contains longitudinal 
(Fig 221. h) and the other transverse (Fig. 221. 



Fig. 223 Cross section through the mitral valve 
of man. Atnal surface on the right, ventricular on 
the left. In the upper left-hand corner is the at- 
taclirncnt of the aortic valve; on the left, below, is 
the passage of chordae tendineae into the valve; 
/f. Dense tissue plate; enda, endocardium from 
the atrial, and, entlv, from the ventricular side; 
el, elastic fibers; m, myocardium. Low magnifica- 
tion Redrawn after Sato. 
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lb) clastic fillers; the co»erinp h rmlotiielium. 
Tlierp.i«Jrt;te a}«o a dcn«e netsvfirk of partiriiltriy 
tiiick, elastic fi5>cr'» .wliich •URgcst llie eUiUca 
interna of arteries. 

Tilt* Impulse Cnnthioting Syntciti* 
In ihe vcrlcbrate embryo nnti in ibe atiult 
loner %ertebralcs, the heart i« a l»c»l lulic 
uliose oontractilc walls are dilatcfl ami 
constrictetl in *«evcrnl places. 77ic tube con- 
sists of four portions which lie Itchim! one 
another in the camlocranial (Urcction: (1) 
Sinus \enosus, (2) atrium, (3) ventricle. 
(4) conns arteriosus. Patten an<l Kramer 
studied living chick embryos and noted 
that the heart develops by “progressive 
fusion of paired jjrimordia, ventricular 


Heginning with the sinus node and ex* 
temVsng up to the papillary muscles and 
tlte other portions of the myocardium of 
tljc ventricles, there is a continuous tract 
of atypical muscles {the Purkinje fibers, 
p. 174), the sinoieniriciihr system. This 
sjslcni serves for the origin and transmis- 
sion of llte contractile impulse. This con- 
duction system is accompanied by many 
nerves which also play a part in carrying 
the contractile impulse. The usual descrip- 
tions picture the Purkinje fibers as arising 
at the sinus nodo^ spreading over the atria, 
concentrating at the alriovcnticular node, 
and passing by one main bundle {the 
alrioventricufar bundle) to the ventricles. 



Fijj. 22t SeciHin throupli a luimsn aortic valve, .tbove U the ventricular surface; below is the 
lumen of the aorta, Efavlfc fiber*- onstained. See text, p. 249, for detailed explanation. Redrawn Irons 
Monckeberg. 

end first, then .ntriiim. and last of all where the) again branch out over the 
sinus.” As each pari forms it begins to whole inner surface of these cavities. This 
beat and controls the rale of contraction description is but partially correct. The 
of the parts previously laid down. Thus, atypical fibers of the conduction system 
the regular activity of a primitive verle- do appear in these positions; in addition, 
brate heart is based on : f I ) the origin of however, they pass from the atria to the 
the stimulus in a definite area of the or- ventricles by several other routes which 

gan, and (2f the transmission of this have not been studied as thoroughly as the 

stimulus to the following portions atrioventricular bundle. 

In the adult mammalian heart, too. the This system of conduction fibers, even 
motor impulse arises in that part of the up to the terminal ramifications in the 
heart which develops from the embryonic ventricles, is covered with a connective tis- 
sinus venosus, that is, where the superior s«e membrane which separates it from the 
vena cava enters the right alnum, and remaining muscular mass of the heart, 
there is a specialized mechanism by which boundary between the right atrium and 

the contraction spreads to the atria and the superior vena cava, in the region of the sulcus 
then to the ventricles. terminalis, is tlie smo-atrial nn,le, 1 cm. in length 
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and 3 to 5 mm. in width; altlioiiph not sliarpl> 
outlined, it can he seen with the naked eye. It 
consists of a dense network of twisted Purkmje 
fibers. 

The alrio\entricuIar node is a flat, white struc- 
ture about 6 mm. long and 2 to 3 mm. wide; 
it is located in tlie posterior lower part of the 
interatrial septum under the posterior aortic 
valve. The node consists of Purkmje fibers which 
form a tangled dense network whose meshes are 
filled with connective tissue. These fibers pass 
into (or between) the usual myocardial fibers, so 
that the l)Oundar> of the node is very Indistinct 
over much of its periphery. Toward llie ventricles 
the substance of the node contracts abruptly into 
a shaft about 1 cm. long, the atrioventricular 
bundle; it is located in the dense connective 
tissue of the trigonum fibrosum ilextrum and 
continues into the septum membranaceura where 
it divides into two branches. 

The fint branch, a cjlindrical bunille I to 2 
mm. thick, runs downward along the po«terior 
circumference of the membranoiK septum and 
is located in part dirccti) under tlie endocardium 
of the right ventricle; It proceeds along the inter* 
ventricular septum and splits into many branches 
which spread along the entire internal surface 
of the right ventricle and along the papillary 
muscles of the trabeculae carneae and disappear 
in the substance of the m}ocardium. 

The left branch is a wide, flat band which 
comes fonvard under the endocardium of the 
left ventricle in the upper portion of the inter- 
ventricular septum, under the anterior edge of 
the posterior cusps of the aortic valve. It divides 
into two main branches at tlie border lietween 
the upper and middle thirds of the septum; then 
It separates, as in the right ventricle, into numer- 
ous, anastomosing thin threads which are lost to 
view in the myocardium. 

The Blood Vessels of the Ile.'irl. The blood 
«upply to the heart is earned bv the coronary 
arteries. The^e are usually two in numiver and 
arise in the aortic sinu<es. They are distributed 
to the capillaries of the myocardium. The blood 
from the capillaries is collected by the cardiac 
veins, most of which empty by way of the coro- 
nary sinus into the right atrium A few very 
'•mall canliac veins empty directly into the right 
atrium. 

In the coronary arteries of tlie liiiman heart, 
the tunica media, which is limited on both 
'ides by the usual internal and evlern.al elastic 
membranes, is divided by a thick fenestrated 
membrane into an inner and an etternal laver. 

In ordinary preparations it is difficult to see 
blood ve«-els in the cardiac valve* By mjec- 



Fig. 22'i. Semidiagrammatic drawing based on 
several siiecimcns, giving a coinpo*ite picture of 
the typical va«eiilar anatomy of a completely in- 
jected human mitral or tricuspid valve. Drawing 
bv Mai BnuM. 61 X- After Dayne-Jones. 
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tion experiments Bayne-Jones found a rich, 
anastomosing net of sesecis which extends to the 
fine of closure in the atriosentricular -vahes (Fig. 
225), hut t)mt in the fcmllunar vahes the vessels 
extend on)y part way; he lound no %es«el9 in the 
center of the \ahe Jeaficts and none in the noduli 
Arantii. Others (Gto«?, Harper) hold that not* 
mal vaJ>ea are practicoHj deroid o{ vessels and 
that those wlijclt ha>c hcen <lcmnn«lraleil are the 
result of chronic inflammatory processes (endo- 
canlitis). 

There are a few vessels in the chordae ten- 
djneae; they run for the mo»t part under the 
endothelium and arise from the \esveU of the 
papillary muscles. 

The sinoventricular sjslem and. particularly, 
hotii of its nodes arc ahundantl} supplied with 


b 




Fjg. 226. Section of human m)Ocardium. per- 
pendicular to the muscle fihers, showing injected 
blood vascular capillaries, a, and Ijniphatic capil- 
laries, b; c, nucleus of muscle fiber. High mag- 
nification Redrawn after lioch. 

blood from special, rather constant branriics of 
the coronary arteries. 

Lymphatic Vessels of the Heart. Three 
groups of lympfiatic vessels are described m tlie 
heart.’ (1) large Ijmphatic vessels which lie m 
the grooves of the heart together with the blood 
vessels; they are connected with the lymphatic 
nodes beneath the loop of the aorta and at the 
bifurcation of the trachea; <2) the Ivmpfaaiic 
vessels of the epicardial connective tissue, and 
(3) lymphatic vessels of the myocardmm and 
the endocardium. 

In the subepicardial connective tissue ordinary 
flat networks of bmphatic capillaries may be 
demonstrated very easily These are connected 
with large efferent lymphatic capillaries and 
ve.ssels. 


Witfdn the subcndotiicUal connective tissue an 
even larger network of typical Emphatic capil- 
laries exists; the larger vessels have vahes. 
lompJialic capillaries Jiave fwen-described in the 
atrioventricular and rcmiiunar valves. 

This lymphatic network in the endocardium 
was formerly often confused with the netlike 
ratRifications of the sinovcnlricular system, for 
both structures may be demonstrated by the same 
injection method, Jlut the conducting system 
forms much wider meshes and its cross bars are 
thicker and coarser. 

The myocardium i« penetrated by nn abundant 
lymphatic network, which is cverywbere con- 
nected with the suliendocardiaS one. and also 
continues into the pericardial network. E^ch mus- 
cular fiber is surrounded by severs! lymphatic 
capill.sries longitudmally Oriented along its sur- 
face; these are conncfleil by means of cross and 
tangential anastomoses and cloecly adjoin the 
Wocxl vessel capillaries, which follow approti- 
malely the vame diTccllon. 

Tile Nerves of the HearU The numerous 
nerves of the heart belong in pan to the vagus 
Ber»« and in part Jo the sympathetic nerves. For 
a detailed description see Kuntz, 1929. 

Some nene endings in the heart are appar- 
ently of effector type, wljjJe other endings are of 
receptor or 'ensory character. Tlte nerve endings 
i« t!»e myocardium have been described fp. 
197). Nonidez-has ei'ft* detailed descriptions of 
tlie nerve endings in the large arleries, near the 
heart, which ore affected by changes in pressure 
in these vessels. 

The Carotid and Aortic Bodies. These stnse- 
lures have until recetilly been erroneously in- 
cluded with the paraganglia. Hiey do not contain 
chronraffia cells and have not been shown to 
have an internal secretion. The carotid and aortic 
bmlies are similar in structure and presumably 
in function. 

The carotid bodies *te fiaUened, inconspicu- 
ous structures at tlie bifurcation of each common 
carotid artery. They contain irregular masses of 
pale-staintng epilheliaMike cells with pale nuclei 
closely applied to the endothelium of sinuses. 
The epuhehoid cells are richly supplied with 
nerve endings apparently specialized to receive 
chetnicai stimuli (hence the name chemocepiors) 
indicating a fall in pU, a rise in carbon dioxide 
and a decrease in oxygen of the circulating 
blood. Hollinshead found a degranulation of the 
epithelioid cells v»hen the o.xygen tension was re- 
duced to lethal levels. He believes the granules 
“are directly concerned with the initiation of 
chemoreceplor reflexes *’ The specific nerves from 
the caiotiii body reach the central nervous sys- 
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tem by ihe sinus branch of the glossopharyngeal 
nerve 

The aortic hotly on the right side lies between 
the angle of the subclavian and the carotid, 
while on the left it is found above tite aorta 
mesial to tiie origin of the subclavian, in each case 
occurring where the aortic nerve reaches the 
externa of the artery on which it ends (Nonidez). 
The structure of these bodies is identical with 
that of the carotid Jjodies. 

The carotid body ari«es from the mesenchyme 
of the third branchial cleft artery and from 
the glossopharjngeal nerve. It is believe<l that 
the aortic bodies have a similar origin from the 
fourth branchial cleft artery and the vagus nerve. 

The impulses from the aortic bodies are car- 
ried by the aortic nerve (depressor nerve of the 
vagus). 

Clironinfflii Cells. In the connective tissue 
between the aori.i and pulmonary artery, approxi- 
mately at the level of the semilunar valves, and 
also within the subepicardial connective tissue 
in the sulcus coronarius, mainly along the left 
coronary artery, small islands of chromalTin celts, 
similar to the elements of the medullary sub- 
stance of tlie suprarenal glands are scattered 
(p. 313). They are in close connection with 
nerve networks and ganglion cells. In the new- 
born tliey are more bighly developed than in 
adults. 

The Histogenesis of tlie Blood Vessels 
and of the Ilcnrl, Vhod I’essels The blood 
vessels and the bean first appear as a layer ol 
endothelial cells In mammals the first vessels are 
laid down in the area vasculosa, where tiiev de- 
velop from the mesenchyma] cells (p 100) In 
the organism proper tlie blood vessels and the 
heart appear later; at first they are devoid of 
biood cells and are empty 

In the spaces between the germ layers, groups 
of mesenchymal cells flatten around spaces filled 
with fluid which are thus surrounded by a thin 
endothelial wall In this way, in given places In 
Ihe body, the primordia of tlie heart and the mam 
biood vessels, as the aorta, cardinal and umbilical 
veins, eic, are laid down; then, these at first 
independent primordia rapidly unite with one 
another and with the vessels of ilie area vasculosa, 
after winch the blood circulation is established. 
The endothelial cells in these first stages are 
merely mesenchymal cells adjusted to the new 
and special function of bounding the blood vessel 
lumen. The idea that the vascular system in the 
enil.no proper arises as an ingrowth of vessels 
from the area vasculosa has been rejected by most 
ol...rv.r,. (S.e article, by McClure, Sobiu, 
Clark.) 

0 


After the closed blood vascular system lias 
developed and the circulation begun, new blood 
vessels always ari«e by “budding” from pre- 
existing blood vessels. 

The new formation of blood vessels by budding 
may be studied in sections of young embryos or 
in tile living condition in the margin of the tail 
in larval amphilnans, the me«entery of new- 
born mammals, or the thin layer of inflamed 
tissue wlitcb grows in between two cover slips 
introduced under the skin of an animal (Fig. 
228). A method has been devised for the con- 
tinued observation of such chambers in the llv- 



Fig 227. Cross section through a part of a 
carotid body uf a man: A, Artery; D, connective 
tissue; DK, cords of epithelioid cells; IV, nerves; 
I', veins. Mallory's aniline blue stain. 42 X. After 
Schaffer. 

mg rabbit for weeks and even months (Clark, 
Sandison). 

In the process of budding a protrusion ap- 
pears on the wall of the capillary and is directed 
into the surrounding tissues. From the begin- 
ning it often appears to be a simple, liollow ex- 
pansion of the endothelial wall; m other cases 
It is at first a solid accumulation of endothelial 
cytoplasm. Thi« tascular bud or sprout enlarges, 
elongates, and assumes many shapes. Most fre- 
quently it appears as a pointed cylinder. It ab 
ways becomes hollow ami thus represents a local 
outpouching of the blood vessel into which blood 
cells penetrate. 

An endothelial bud may encounter another bud 
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antJ /use willi its end, or its lateral wall may 
come in contact with another hud or with an- 
other capillary. A lumen appears within the fu^d 
endothelial protoplasm and unites the two capil- 
lanes. In this way a new mesh is formed in the 
capillary network and blood begins to circulate 
in it. Later, new buds may arise from the newly 
formed vessels. 


Arteries and veins of all types are always laid 
down at first as ordinary capillaries. The pri- 
mary endothelial tube expands and thickens as 
new elements, uniting with the outside of the 
wall, dilTerentiate in several '’directions. These 
elements originate from the surrounding mesen- 
chyme in the embryo and form cells with mes- 
enchymal potencies along the capillaries in the 


Pofi/Wasla 

f/brobtasts I Polyblast 


Dead cell 



Lymphocyte ^ ^ 
Leukocyte < • 


. .y 

Vascular bud 
- Polyblast 



Fig. 228. Young connective tissue, with budding vessels, growing from below upward (in the 
figure) into the space between two cover slips insetted twenty days previously into the subcutaneous 
connective tissue of a rabbit, (A.A M.) 


The developing vascular buds are often accom 
panied by undifferentiated cells, phagocytes and 
fibroblasts, stretched parallel to the long aws of 
the buds; sometimes there are also wandering 
cells. 

The most plausible explanation for the cause 
of the capillary bud is that the increase of 
metabolism within the tissue causes an increase 
in circulation of substances through the endo- 
thelium and thereby Induces the growth of the 
endothelium in the direction of this current 


sJuU. Tliey play an important part in the new 
formation of arteries and veins from capillaries, 
as well as in the formation of large vessels from 
smaller ones in the development of a “collateral 
circulation” of the blood. The mesenchymal cells 
outside of the endothelium become young smooth 
muscle cells and myofibrils differentiate in their 
cytoplasm. Soon more layers of smooth muscle 
fibers join the first layer; these arise in part 
by multiplication of the existing smooth muscle 
cells and in part by the addition of new mesen- 



THE BLOOD VASCULAR SYSTEM 


chymal cells. In addition, netivorks of relicnlar 
fibers appear and form sheaths around the 
smooth muscle cells. 

The factors which cause the larger arteries and 
veins to develop into more or less constant 
shapes in definite places and in definite directions 
are not completely solved. It is probable that in 
the earliest embryonic stages the formation of the 
vessels takes place through forces of heredity, 
while in the later stages the shape and the 
growth of the blood vessels are determined by 
local stimuli of mechanical and chemical nature. 

The Heart. The heart at the beginning of the 
circulation is a tube with a double watt; the 
internal, endothelial layer from which the en- 
docardium develops, and the external, myo- 
epicardial. The latter consists of several layers 
of cells with indistinctly outlined Loundaiies. In 
the beginning (human embryo of 3 mm length) 
the distance between the two layers of the wall 
is rather great and is filled with a gelatinous, 
intercellular substance, which is penetrated by 
long, protoplasmic processes passing from the 
endothelium to the myo-epicardial layer. 

In a human embryo 3.5 mm. in length, begin- 
ning with the sinus venosus and passing over 
to the atnum and the ventricle, this mucoid tissue 
disappears and the endothelium closely adjoins 
the myocardial layer. But in the vicinity of the 
opening which connects the atrium with the 
ventricle and in the bulbus this tissue remains. 
In this way, cu^hlo^ like thickenings of the endo- 
cardium are formed; they consist of a mucoid 
connective tissue. The myocardium difierentiales 
at the same time into an external peripheral 
layer of flat cells, the primordium of the serous 
membrane of the epicardium, and into the in- 
ternal, thicker layer of irregular cells united into 
a syncytium by intercellular bridges. The his- 
tologic differentiation of the developing cardiac 
muscle from the syncytial layer located between 
the endo- and epicardium has been described in 
the section on the Cardiac Muscular Tissue. 

The endocardial, cushion.like thickenings play 
an Important role in the formation of partitions 
which separate the primary single cavity of the 
heart into compartments, and are particularly 
important in the formation of valves. 

In the earlier stages of development the myo- 
cardium IS continuous from the atria to (he ven- 
tricles. But later, from the epicardium, along 
the course of the atrioventricular ridge, a trans- 
verse band of embryonic connective (issue de- 
velops which completely encircles (he heart. It 
cuts into the myocardium from the exterior and 
*eparales entirely the mu«cle of the atria from 
that of the ventricles, save for the connection 
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between them due to the atypical fibers of the 

conduction system. 
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and fuse with its end, or its lateral wall may 
come in contact with another bud or with an* 
other capillary. A lumen appears witiiin the fused 
endothelial protoplasm and unites tiie two capil- 
laries. In this way a new mesh is formed in the 
capillary network and blood begins to circulate 
in it. Later, new buds may arise from the newly 
formed vessels. 


Arteries and veins of all types are always laid 
down flt first as ordinary capillaries. The pri 
mary enilotlielial tube expands and thickens as 
new elements, uniting with the outside of the 
wall, dilTercnliate in several directions. These 
elements originate from the surrounding mesen- 
chyme in the emhryo and form cells with mes- 
encltymal potencies along the capillaries in the 
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Fig. 228. Young connective tissue, with budding vessels, growing from below upward (in the 
figure) into the space between two cover slips inserled twenty days previously into the subcutaneous 
connective tissue of a rabbit (A.A,M.) 


The developing vascular buds are often accom- 
panied by undifferentiated cells, phagocytes and 
fibroblasts, stretched parallel to the long axis of 
the buds; sometimes there are also wandering 
cells. 

The most plausible explanation for the cause 
of the capillary bud is that the increase of 
metabolism within the tissue causes an increase 
in circulation of substances through the endo- 
thelium and thereby induces the growth of the 
endothelium in the direction of this current. 


adult. They play an important part in the new 
formation of arteries and veins from capillaries, 
as well as in the formation of large vessels from 
smaller ones in the development of a ‘‘collateral 
circulation” of the blood. The mesenchymal cells 
outside of the endothelium become young smooth 
muscle cells and myofibrils differentiate in their 
cytoplasm. Soon more layers of smooth muscle 
fibers join the first layer; these arise in part 
by multiplication of the existing smooth muscle 
cells and in part by the addition of new mesen- 



Chapter XI 


THE LYMPHATIC SYSTEM 


An exchange of nutritive materials and 
oxygen proceeds continuously between the 
blood within the capillaries and the tissue 
juice bathing the cells of the various tis- 
sues. Most of the waste products of met- 
abolism are returned from the tissues to 
the capillaries and capillary veins. In the 
vertebrates the vessels of the closed lym* 
phatic system return some of the tissue 
fluids to the general circulation by a 
roundabout route. 

The lymphatic system is composed of 
lymphatic vessels and organs. The small- 
est vessels, the lymphatic capillaries, are 
thin-walJed, blindly-ending tubes which 
form a dense network in most of the tis- 
sues of the body. They collect tissue juice 
which is called lymph as soon as it enters 
these capillaries. The lymphatic capillaries 
unite to form larger vessels, the largest of 
which empty into veins. The lymphatic 
system thus differs from the blood vascu- 
lar system in that it is not a closed vascu- 
lar ring. The lymphatic organs are located 
along the course of the lymphatic vessels 
and contribute various sized lymphocytes 
to the lymph passing through them. The 
lymph of the finest lymphatic radicles is 
, almost devoid of cells. 

Cerlain cavities in the bojy are more or less 
directly connected with the Ijmphatic system. 
In this group are the serous cavities (peritoneum, 
pleura, pericardium ) , the spaces surrounding the 
meninges, the chambers of the eye, Tenon’s cav* 
ily around the eyeball, the cavity of the internal 
car filled with endolymph, the ventricles of the 
hrain, and the central canal of the spinal cord. 
The liquids in these cavities are quite different 
from the lymph and have quite a different 


pliysiolopc significance, although the fluid in 
the serous cavities is much like lymph. Neverthe- 
less, injected colloidal solutions and particulate 
matter may penetrate from these cavities into 
the true lymphatic vessels and vice versa. The 
sliilike cavities and spaces in the connective 
tissue are not lymphatic spaces but are called 
tissue spaces. 

LY5IPIMTIC CAPILLARIES AND 
VESSELS 

Lymphatic capillaries are tltin-walled, 
tubular structures of slightly greater cali- 
ber than blood capillaries. Unlike the 
latter, which usually have o regular cylin* 
drical form, they liave irregular shapes 
and are constricted in some places and 
dilated in others. They branch abundantly 
and anastomose freely with one another. 
Dilatations occur frequently where several 
capillaries join. The lymphatic networks 
are often located beside networks of blood 
capillaries, but are always independent of 
them. As a general rule, the lymphatic 
networks are farther from the surface of 
the skin or mucous membranes than the 
blood capillary networks. 

Further, the lymphatic networks are 
distinguished from the blood capillaries 
by ending blindly in rounded or sw'ollen 
ends. This is best seen in the mucous 
membrane of the small intestine where a 
network of lymphatic capillaries or a 
single, blindly-ending vessel, the central 
lacteal, extends in the lamina propria up 
to the end of the villus (Fig. 229). The 
lymiphatic capillaries form expanded net- 
works of considerable size around the 
solitary and aggregated lymphatic nodules 
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sists of interlacing collagenous and elastic 
fibers, and smooth muscle bundles. The 
elastic fibers of the tunica adventitia con- 
tinue into those of the surrounding con- 
nective tissue. 

Valves. The valves of the lymphatic 
vessels always occur in pairs; they are 
placed on opposite sides of the vessel and 
their free edges point in the direction of 
the lymph flow (Fig. 231). The valves are 
frequently unable to withstand the pres- 
sure oi a retrograde injection. As in the 
veins, the vahes of the lymphatic vessels 
are folds of the tunica intima. They have 
a thin connective tissue base and are cov- 
ered on both sides by a layer of endo- 


and larger, while their walls become 
thicker. They form more or less compli- 
cated networks which often surround 
blood vessels. This is very marked about 
the mesenteric vessels of some mammals. 

Finally, all of the lymphatics come to- 
gether and form livo main trunks — the 
right lymphatic duct and the thoracic 
duct- The former is the smaller; it carries 
the lymph from the upper right portion of 
the body and usually opens into the right 
innominate vein where it arises Irom the 
right internal jugular and subclavian 
veins. The thoracic duct carries the lymph 
from all of the remaining parts of the 
body (including the digestive system) and 



e m e 

Fig. 231. Small bmphatic vessel of the mesentery of a rabbit The oullines of the endothelial 
cells, e, are stained black t>ith siher nitrate; v, lines of allacliTnent of the vahes; m, transverse 
smooth muscle cells. 140 X- Redrawn after Kvllikerv. Ebner. 


thelium continuous tvith that of the rest 
of the vessel. Although v-alves are not 
present in all lymphatic vessels, when they 
occur they are usually much closer to- 
gether than those in the veins. 

Above each pair of valves, the I>mphalic ves- 
sel H more or less distinctly expanded and the 
wall in these places has several prominent Ia)ers 
of smooth muscles in its media. It is believed 
by some that the contractions of these mu<c)cs 
may help move the hmph along the vessel. Be- 
cause of these swellings the shape of a distended 
lymphatic vessel which contains many vahes may 
suggest a rosary. 

Large Lymphatic Vessels. Thoracic 
Duct. The lymphatic vessels unite with 
other similar vessels and become larger 


opens into the point of junction of the left 
internal jugular and subclavian veins. 
Both of the ducts are provided with valves 
where they enter the veins. 

The wall of the thoracic duct differs 
from that of the great veins by the greater 
development of the muscles in the tunica 
media, by a less distinct division into 
three layers, and, particularly, by the 
great irregularity in the structure of ad- 
jacent portions. 

The tunica inlima consisis of the endothelial 
lining and several thin layers of collagenous and 
elastic fibere; the latter condense into a layer 
similar to an internal elastic membrane near the 
janctlon with the tunica media. The transverse 
smooth muscle bundles in the tunica media are 
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of ihc inlestinc, nnd in the lliyroid and 
niarnniary glands. 



Fig. 229. Lympliatlccapjllaries (LicfcaU) filled 
witli Berlin blue in the lilli of tlie intestine of a 
rat. Redrawn alter Ranvier. 


T}je wall of the lyinpliatjc capillaries i« 
formed by a single lajcr of ilat rndo* 
thelial cells; these arc slightly larger and 


blasts. Tlie general form of the endo- 
thelial cells is usually rounded or polyg- 
onal and only rarely elongated. Each cell 
contains an oval, flattened nucleus. The 
lymphatic capillaries abut directly against 
tlic surrounding tissues and are not pro- 
t'ided willi a ln)er of pericytes like the 
blood capillaries. 

The lymph passes from these capillary 
networks into lymphatic vessels which 
have slightly thicker u'alls and valves. 
Tlicy are covered at first by thin, mainly 
longitudinal, collagenous bundles, elastic 
fibers, and a few smooth muscle cells, ar- 
ranged tangentially or transversely to the 
vessel. Tliosc lymphatic vessels ufth a 
diameter greater than 0.2 mm. have 
thicker walls in ^vliich three lajers, corre- 
sponding to the inner, medial, and adven- 
titial coats of arteries and veins, can be 
distinguished. Tlie boundaries between 
these layers arc often indistinct, so that 
the division is somcwliat artificial. Tlie 
(iinicn intima consists of the endothelium 
and a lliin layer of longitudinal, inlerlac* 



colloidal mercuric sulfide of ihe tnesentery of a rabbit. About 20 X- 

thinner than those of the blood capillaries ing elastic fibers. The tunica media is 
Hence in sections of collapsed lymphatic composed of several layers of mainly cir- 
capillaries, only the endothelial nuclei can cular and a few tangential smooth muscles, 
be seen and these cannot be distinguished and several thin elastic fibers. The tunica 
from the nuclei of the surrounding fibre- adventitia is the thickest layer and con- 
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or aijmscs. The nodes are always located 
along the course of lymphatic vessels, 
whose contents pass through the nodes on 
tlieir way to the thoracic and the right 
lymphatic ducts. Lymph nodes are scat- 
tered in large numbers, usually in groups, 
throughout the prevertebral region, in the 
mesentery, and in the loose connective tis- 
sue of the inner surfaces of joints, as the 
axilla, groin, etc. They are flat, well- 


under low magnification shows the organ 
to be surrounded by a dense connective 
tissue capsule and to be divided into an 
outer cortical and an inner medullary 
part. 

The cortex usually occupies the surface 
of the organ, with the e.xception of the 
hilus, and contains closely packed, 
rouglily spherical, white areas about 1 
mm. in diameter, the nodules. These are 


f/t 



Fig. 233. Section tlirougli a small jugular lymph node of man. Ca, Capsule; F, nodules ivith 
their centers, Z; f, fat tissue; k, hlhis; fil, medullary cord; 5m, medullary and, Sr, subcap«ular sinus; 
Tr, trabeculae; r, blood vessel, 18 X- Redrawn and stiglitly modified from Sobotia. 


defined bodies varying from 1 to 25 mm. 
in diameter. Their form is rounded or 
kidney-shaped and their surface is some- 
what rough. Usually there is a slight in- 
dentation, the hilus, on one side of the 
node, where blood vessels enter and leave 
the organ. Lymphatic vessels enter the 
node at many places over its convex sur- 
face; they leave it only at the hilus. 

The sectioned surface of a lymph node 


embedded in a diffuse mass of lymphatic 
tissue which continues as the medullary 
cords into the medulla. Tlie red-brown 
medulla is not sharply separated from the 
cortex and usually occupies the inner por- 
tion of the node radiating from the hilus. 
Tile differences in appearance between the 
cortex and medulla consist mainly in dif- 
ferences in arrangement of the elements 
of Uie lymphatic tissue in the two zones. 
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penetrated liy elastic fibers coming from the 
elastica interna. Tlie tunica adventitia is com- 
posed of longitudinal collagenous fibers, inter- 
lacing elastic fibers, and a few longitudinal 
smooth mu«cle bundles. The tunica adventitia 
gradually merges into the surrounding loo«e con- 
nective tissue. 

Blond Vessels of Lyniplifttics, The wall of 
the thoracic duct is provided with many blood 
vessels which extend into the outer layer of the 
middle tunic; lhc«c ve««cls arc similar to the 
vasa va«orum of the larger Mood vessels. Tlie 
narrow, thin-walled lymphatic \e«sels are often 
accompanied by a smalt artery and a vein which 
run parallel to it. Capillaries nri^e from them 
and encircle tlie lynijihatic vessel or form regu- 
lar networks on its surface. 


closed, endothelium-lined system of lubes, 
the tissue juice must pass through the en- 
dothelial cytoplasm to reach the lumen of 
the lymphatics. In inflammation the per- 
meability of the local lymphatics to cer- 
tain dyes is increased (RIcRIasler and Hu- 
dack, 1932). 

LYMPHATIC ORGANS 
Closely connected with the lymphatic 
vessels arc collections of lymphatic tissue 
which arc aggregated into the lymphatic 
organs. The lymphatic tissue has been dis- 
cussed in Chapter V, The tonsils and the 
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Fig 232 Section of periportal area of a human liver. 480 X* 


Nerves of the Lymplintics, Both the large 
thoracic duct and the smaller lymphatic vessels 
are abundantly supplied with nerves. In both 
adventitial and medial coats some of the fibers 
terminate in sensory endings The other fibers 
are motor nerves for the smooth muscles, as in 
the blood vessels. 

Passage of Lymph from the Tis- 
sues into the Lymphatics. Investiga- 
tion 'vith the aid of injection methods has 
shown that the lumen of lymphatics does 
not communicate directly with the tissue 
spaces. The so-called “stomata” seen in 
silver nitrate preparations are undoubt- 
edly artefacts. As the lymphatics form a 


solitary and aggregate follicles of the in- 
testine arc described in the section on the 
digestive sj’Stem and the spleen on page 
270. Here only the lymph nodes will be 
considered. 

LYMPH NODES 

The lymph nodes are large accumula- 
tions of lymphatic tissue and consist 
essentially of networks of reticular and 
collagenous fibers which support masses 
of lymphocytes and are intimately con- 
nected with primitive reticular cells and 
many fixed macrophages The whole mass 
is penetrated by tortuous lymphatic spaces 
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or si/iHses. The nodes are always located 
along the course of lymphatic vessels, 
whose contents pass through the nodes on 
their way to the thoracic and the right 
lymphatic ducts. Lymph nodes arc scat* 
tered in large numbers, usually in groui>s, 
throughout the prevertebral region, in the 
mesentery, and in the loose connective tis- 
sue of the inner surfaces of joints, os the 
axilla, groin, etc. They are flat, well- 


under low magnification shows the organ 
to be surrounded by a dense connective 
tissue capsule and to be divided into an 
outer cortical and an inner medullarr 

part. 

The cortex usually occupies the surface 
ol the organ, with the exception of the 
liilus. and contains closely pached, 
roughly spherical, while areas about 1 
mm. in diameter, the nodules. These are 


M Sm 



Fig. 233. Section titrougli a small jugular lymph node of man. Co, Capsule; F, nodules with 
their centers, Z; /, fat tissue, k, lulus; M, medullary cord; Sm, medullary and, Sr, subcop«Hlar sinus; 
Tr, trabeculae; v, blood vessel. 18 X. Redrawn and slightly modified from Sobotta. 


defined bodies varying from 1 to 25 mm, 
m diameter. Their form is rounded or 
bidncy-shaped and their surface is some- 
what rough. Usually there is a slight in- 
dentation, the hilus, on one side of the 
node, where blood vessels enter and leave 
the organ. Lymphatic vessels enter the 
node at many places over its convex sur- 
face; they leave it only at the hilus. 

Tlie sectioned surface of a lymph node 


embedded in a diffuse mass of lymphatic 
tissue which continues as the medullary 
cords into the medulla. The red-brotvn 
medulla is not sharply separated from the 
cortex and usually occupies the inner por- 
tion of the node radiating from the hilus. 
Tlie differences in appearance between the 
cortex and medulla consist mainly in dif- 
ferences in arrangement of the elements 
of the lymphatic tissue in the two zones. 
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The afferent lymphatic vessels lead mlo a 
broad lymphatic channel, the suhcapstilar 
sinus, tvbence the lymph passes by other 
broad or narrow passages to dilated si- 
nuses between the ineduUary cords in the 
medulla o£ the organ. From here the 
lymph is conducted by the efferent vessels 
toward the llioracic duct. 

The lymphatic tissue of the lymph 
nodes consist of dense accumulations of 
cells in the cortex (with its nodulesl nnd 

Smalt lymphocytes Sub capsular sinus 


reticular cells (udiich do not store vital 
dyes). The sinuses, particularly of the 
medulla, contain free macrophages, even 
under normal conditions. The reticular 
fibers of the framenork are generally be- 
lieved to be formed by the fixed macro- 
phages or primitive reticular cells (or 
both) as typical fibroblasts are found 
only in the capsule and trabeculae. 

Frnmeworh, Tlic framcuork of the 
lymph nodes consists of the capsule, the 


lymphocytes 

Lymphocytopoietio center 

Fjg. 23-J. Portion of corlex of a JympJi niMJe of a dog. Hematoxylin eo'-in azure stain. 187 X« (A.A.Md 


in the medullary cords, and of looser 
areas forming the sinuses. Most of the free 
cells are lymphocytes of various sizes (p, 
79). plasma cells often occur, especially 
in the medullary cords of the mesenteric 
nodes ot the rat. A few hematogenous 
eosinophil leukocytes can be found in 
most lymph nodes. 

The cellular stroma is made up of dye- 
Rtorine Hxed macrophages and primitive 


trabeculae, and the network of reticular 
fibers. 

Capsule. The periphery of the node is 
covered by the capsule, which consists of 
dense bundles of collagenous fibers, a few 
filwoblasls and, particularly on its inner 
surface, networks of thin elastic fibers. A 
few smooth muscle cells are also found in 
the capsule about the points of entry and 
exit of the afferent and efferent lymphatic 
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vessels. At the hilus the capsule is greatly 
thickened and may extend for some dis- 
tance into the medullary portion of the 
node. 

Trabeculae. At various points along the 
periphery of the node, projections of 
dense connective tissue, the trabeculae, 
arise from the capsule and pass into the 


medulla ol the node, branch into a num- 
ber of shafts which finally fuse with the 
collagenous tissue of the capsule at the 
hilus. Tlie collagenous fibers of the tra- 
beculae are frequently continuous with 
the reticular fibers. 

Reticular Fibers. The reticular fibers 
penetrate all parts of the node and form 


Medullary 

Reticular cells Trabecula cord Arteriole Lymphatic sinus 



Reticular cell Medullary cord 

Fig. 235. Portion of medulla of a dog's ])nipli node. IIematoxylin-eo®in azure stain. 187 x. (A.A.M.) 


organ as irregular bands whose thickness 
depends on the size of the node (Fig. 
236) . These trabeculae divide the cortical 
substance into roughly rounded areas, 
sometimes called ampullae or alveoli. As 
Uie trabeculae are frequently interrupted, 
adjacent ampullae connect with each 
other. Tile trabeculae, on reaching the 


networks of varying densities in different 
locations. The fibers form a particularly 
dense, narrow-meshed network on the 
inner surface of the capsule, on the sur- 
faces of the trabeculae, around the ad- 
ventitia of the arteries and veins, and 
throughout the dense lymphatic tissue. 
Beineen these areas (with dense reticular 



264 


TEXTBOOK OF HISTOLOGY 


fiber networks) there arc looser networks 
of reticular fibers through whose meshes 
lymph percolates. These loosely meshed 
areas constitute the sinuses. In the center 
of the nodules the reticular fibers are very 
thin and scarce or may be absent. 

The Cortical Suhstancc. At the per- 
iphery of each ampulla, i. e., under the 
capsule and bordering the trabeculae, the 
cortical substance is very loose and usu- 
ally consists of a fairly wide lymphatic 
channel or sinus (Fig. 234) (see below). 

The nodules are temporary structures, 
expressing the cytogcnic and defense func- 
tions of the lymphatic tissue, which de- 
pend on the age, condition or nutrition of 
the organism, etc. They may develop and 
may disappear, to reappear again at the 
same or another place. Tlvc number and 
size of the nodules fluctuate remarkably- 
In the embryo and in tlie first months 
after birth they lack the central “ger- 
minal” or “reactive” areas. With the 
growth and development of the organism 
these centers appear and then become 
more numerous and larger. Willi advanc- 
ing age they become less conspicuous and 
smaller, and in old age and in various 
diseases may disappear. 

The Medullary Substance. The 
medullary substance consists of the same 
cytological constituents as the cortex, al- 
though the elements are arranged dif- 
ferently. The medullary cords are dense 
lymphatic tissue and rarely contain nod- 
ules. The cords branch and anastomose 
freely with one another. Near the hilus 
they terminate with free ends or, more 
frequently,, they form loops which con- 
tinue into other cords. The cords are ac- 
companied and surrounded by the medul- 
lary sinuses which separate them from the 
trabeculae and are continuations and 
amplifications of the cortical sinuses. The 
substance of the sinuses is also composed 
of lymphatic tissue, but its meshes are so 
wide that they constitute relatively broad 
channels for the passage of lymph. 


Lymplialic VcsscIb and Sinuses. 
The vessels which supply lymph to the 
node (vasa afferentia) are provided with 
valves which open toward the node (Fig. 
230, a). These afferent vessels approach 
the convex surface of the node, pierce its 
capsule and open into the subcapsular 
sinus. From here the lymph passes 
through the looser parts of the lymphatic 
tissue, the sinuses, of both the cortex and 
medulla, and then into the efferent 
lymphatic vessels at the hilus (Fig. 
236, e). 

Unlike tlie tubular, endothelium-hned 
blood vascular and lymphatic vessels, the 
lympliatic sinuses arc irregular, tortuous 
spaces williin the lymphatic tissue. Their 
walls are not continuous and are formed 
of reticular cells ond fixed macrophages 
supported by the reticular fibers. As a 
continuous stream of lymph flows through 
the sinuses, lymphocytes are swept into 
(he efferent lymphatic vessels, and new 
lymphocytes enter the sinuses by their 
own ameboid movement. 

The ’minuses of the medullary substance 
at first pass over into a network of twisted 
tubes, which penetrate the thickened por- 
tion of the capsule at the hilus and then 
continue into the efferent vessels which 
lead the lymph aivay. These are wider and 
less numerous than the afferent vessels; 
they are provided w’ith valves which open 
away from the node. The arrangement of 
the valves in the' afferent and efferent ves- 
sels thus permits a flow of lymph in only 
one direction through the node. 

The margins of the endothelial cells ii\_the 
lymphatic vessels can he outlined fay treatment 
with silver nitrate The outlines of the reticular 
cells which form the walls of the lymphatic 
sinuses may sometimes be demonstrated by this 
means when they are so closely packed as to 
simulate endothelial cells. In all cases their 
relicufar nature is easily recognizai/e. 

Variations in Structure of Lymph Nodes. 
The above-described arrangement of the con- 
stituents of a typical lymphatic node is realized 
in but few instances, for the lymph nodes show 
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great variations in structure depending on the 
animal species as wU as the location of the rode. 
But none of these deviations affects the funda- 
mental structure. 

In large nodes tlie -trabeculae are prominent, 
in small nodes they are very thin and are fre- 
quently interrupted so that tliey may he absent 
for long stretches. The nodes which are deep 
in the body, as those in the peritoneal cavity, 
are also distinguished by. the poor development 


are occasional looser strips or passages along 
-whldi the lymph flows. Such areas when filled 
with macrophages have been called “interfollicu- 
lar tissue." The term should be discarded — as the 
only tissue in the node is lymphatic tissue. 

The relative amounts of cortical and medul- 
lary substance and their mutual arrangement 
fluctuate within very wide limits. The nodes of 
the abdominal cavity are especially rich in medul- 
lary substance. In those cases where the cortical 



Fig. 236 Diagram of a lymph node, a. Afferent and, e. efferent lymphatic vessels with valves; 
the arrows indicate the direction of lymph flow; F, cortical tissue; K, capsule; d/, medullary cords; 
Sm, medullary and, Br, cortical sinuses; Tm, medullary (rabcculae which are continuous with those of 
the cortev; Tr, trabeculae originating in the capsule and dividing the cortex into ampullae; x, 
lymphatic vessels in the dense connective tissue of the hilum, h; Z, nodules. 


of their trabeculae as contrasted with the more 
peripheral nodes 

In some cases, a hilus may be absent, while 
in others it may be so highly developed that its 
connective tissue may penetrate far into the 
node and divide it completely In the o\ the 
trabecular system is so well developed that the 
nodules ol the cortex ate completely separated 
from one another. When the trabecular system 
is poorly developed, as in man, the nodules of the 
cortical substance and the sinuses may lose their 
sharp outlines and often fuse into a continuous, 
vliflusc mass of lymphatic tissue, in which there 


substance predominates, the nodules may be 
arranged in several layers. Sometimes, the cor- 
tical substance may surround the medulla com- 
pletely while in other cases the medullary sub- 
stance may be adjacent to the capsule for long 
distances. In some cases the medulla and cortex 
may accumulate at opposite poles of the node, 
whfle in the pig the cortical substance with its 
nodules is collected in the central portion of the 
node and the medullary cords with their wide 
sinuses may occupy only small portions of the 
periphery. 

Bloof) Vessels. Almost all the blood vessels 



266 


TEXTBOOK OF HISTOLOGY 


destined for the l>mph node enter it throogh 
the liilus and only occasionally email ones 
through the capsule. The larger arterial, as well 
as venous branches, pass along the trabeculae, 
while the smaller ones pass along the axis of the 
medullary cords toward the cortex. The capil- 
laries into which the arteries split in all parts of 
the lymphatic tissue form particularly dense net- 
works in the peripheral layers of the medullary 
cords and of the nodules. In the latter they form 
radially arranged meshes. The blood capillaries 
of lymphatic tissue, particularly in the cortex, 
have a thickened endothelium, so that in cross 
section they often appear as though lined by 
cuboidal epithelium. Here, large numbers of 
newly formed, small lympbocytes are present and 
pass through this endothelium from the tissue 
directly into the blood. 

Nerves. The nenes enter the hilus of the node 
with the blood vessels which they follow, fomt- 
jng perivascular networks. In some places in the 
trabeculae and in the medullary cords, inde- 
pendent nervous networks may he noticed, hut 
in the nodules the nerves are present only along 
the course of the vessels. They are probably of 
the vasomotor type. 

Hemal Nodes. Even in normal lymph nodes 
varying numbers of erythrocytes are found; these 
have either entered the lymph from the alTerent 
vessels or have come from tlie blood vessels of 
the node. Some of these erythrocytes are elimi- 
nated with tiie lymph into tiie efferent vessels, 
hut most of them are engulfed by the fixed mac- 
rophages. There are some nodes, however, which 
are characterized by their great content of eryth- 
rocytes; macroscopically, such organs are called 
hemal nodes; they are most numerous and well 
defined in the ruminants (sheep) ; they probably 
do not Occur in man. 

These oval or spherical organs vary from the 
size of a hardly noticeable granule to that of a 
pea or larger, and are scattered in the vicinity of 
large blood vessels in the relropleural and retro- 
peritoneal tissues along the vertebral column from 
the neck to the pelvic inlet. They are also found 
near the kidneys and spleen wiiexe they are 
believed by some to be accessory spleens. 

Each node is covered by a dense capsule 
loosely connected with the surrounding tissue. 
At the hilus a small artery and a large vein 
enter and leave. The hemal nodes are devoid of 
afferent and efferent lymphatics. 

The hemal node is composed of a more or less 
continuous mass of lymphatic tissue, separated 
from the capsule by a sinus filled with blood. 
The lymphatic tissue frequently projects into the 
peripheral sinus by a number of folbcle-like out- 


growths and is, in turn, penetrated by the more 
or less distinct “interstitial” sinuses originating 
from the peripheral sinus. These may continue 
into the “central” sinuses in the deeper portions 
of the node. All of the sinuses are filled with blood. 
A direct connection between the blood-containing 
sinuses and branches of arteries or veins has not 
ns yet been demonstrated. 

Tlie hemal nodes may be considered as “filters” 
of lympliatic tissue, situated in the course of 
blood vessels, and the principle of their structure 
is closer to that of the spleen than of ordinary 
lymph nodes. In tiie pig a special type of hemo- 
lympliatic node occupies a position halfway be- 
tween the ordinary lymph node and the typical 
hemal node. It has blood as well as lymphatic 
vessels and the contents of both types of vessels 
mix in the sinuses. It is possible that even in 
adult animals a simple lymph node may change 
into a hemal node and vice versa. 

Hie functions of the hemal nodes are probably 
like those of tlie spleen. 

Function of Lymplinltc Nodes. Al- 
though they share this function with all 
the otlicr accumulations of lymphalic tis- 
sue in the body, they are the most active 
structures for the formation of the 
lymphocytes. The stimuli for lymphocyte 
production ore probably brought to the 
lymph nodes by both lymphalic and ar- 
terial vessels. Although great numbers of 
lymphocytes are produced in certain in- 
fections, the lymphalic leukemias, and 
some intoxications — as diphtheria — the 
actual stimuli for lyinphocytopoiesis in 
these conditions, as well as in physiologi- 
cal states, are unknown. As the lymph 
nodes are composed essentially of lympho- 
cytes and phagocytes, it is obvious that 
their main functions depend on these 
cells. The functions of the lymphocytes 
are discussed in Chapter V and those of 
the macrophages on pages 62, 96 and 114. 

In some pathologic conditions, extra- 
medullary myelopoiesis occurs and the 
nodes become the site of formation of 
granular leukocytes (p. 112). 

Because of the phagocytic activity of 
the reticular cells, particularly in the si- 
nuses, the nodes serve as filters in which 
various particles, arising locally or 
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brought with the lymph from other re- 
gions of the body, are taken up and often 
destroyed. Even in normal conditions, 
erythrophagocytosis can be seen in the 
sinuses of lymph nodes. This process is 
much more prominent Avhen great numbers 
of erythrocytes are brought to the nodes as 
a result of hemorrhage into the nearby 
tissues. Particles of coal dust which are 
inhaled by the lungs finally enter the 
bronchial lymph nodes where they are 
taken up by the reticular cells and often 
accumulate in such quantities that the 
organ becomes black. Pathogenic bacteria 
brought to the lymph nodes are frequently 
ingested and sometimes destroyed by the 
macrophages. Just like all the other tis- 
sues and organs containing many macro- 
phages, the lymph nodes probably elabo- 
rate antibodies. It is possible that lympho- 
cytes contain antibodies (see p. 84). 

IlUtoeeneiie Remarks. In the mammalian 
embryo the l>mpliatic system is laid down much 
later than the blood vascular system. The lym- 
phatic vessels arise first and the lymphatic organs 
develop in connection with them somewhat later. 

Lymphatic Vesselt, Altliougli there are many 
unsettled details in the question of the mode 
of development of the lymphatic system, most 
observers believe that tlie primordia of the lym- 
phatic sacs and vessels arise independently of 
the veins, although often close to them, as isolated 
small clefts in the mesenchyme, which are filled 
with tissue fluid and surrounded by mesenchymal 
cells. The latter, owing to the pressure exerted by 
the fluid, acquire a flattened appearance and the 
character of endothelium. These spaces gradually 
fuse, forming in certain places large cavities, the 
lymphatic sacs, as well as vessels of more or less 
cylindrical shape The sacs later communicate 
with the adjacent veins. 

The vessels elongate rapidly in all directions 
due to a continued addition of new cavities aris- 
ing in the mesencliyme. Tiie presence of blood 
in the early lymphatic vessels is explained as 
being due in part to a flow of blood from the 
veins and in part to the appearance of local hemo- 
poietic islands in the mesenchyme together with 
the lymph sacs. These blood cells become in- 
cluded in the latter and are carried with the 
lymph into the veins. 

Alter B certain stage the further development 


of the lymphatic system takes place mainly by 
budding of the endothelium of existing lym- 
phatic vessels. These outgrowths may be observed 
directly in the tail of living amphibian larvae 
and in chambers in the rabbit’s ear. They agree 
very closely with the outgrowths from blood ves- 
sels (p. 253). 

As in the blood vascular system, the develop- 
ing lymphatic system does not retain all of the 
parts laid down in the beginning; its constituents 
continue to change and become reconstructed. 
The main parts of the primary lymphatic system, 
the sacs, spread irregularly in various directions, 
and change their form; tliey develop in part into 
networks of lymphatic vessels and m part into 
complexes of lymphatic nodes (see below). 

Tlie student is referred to Zimmermann’s 
monograph for tho latest survey of the field. 

yatves. Valves appear'in the lymphatic ves- 
sels several weeks before they develop in the 
blood vessels. They appear first in the lymphatics 
near the jugular sacs and the upper part of 
the thoracic duct, then in the lymph vessels 
of the appendages, and finally in the remainder 
of the thoracic duct. They consist, as do those of 
the veins, of a connective tissue base and a cover* 
ing of endothelium. 

Lymphatic Nodes. The development of the 
lymph nodes liegins after the formation of the 
primary lympiiatic vascular system. The earliest 
or primary nodes develop by a transformation 
of the lymphatic sacs. Each sac disappears as 
such and separates into a group of connected 
networks of lympiiatic vessels which become 
nodes of various sizes; portions of the primary 
cisterna chyli and of the jugular sacs remain as 
cavities. As the sacs are al first the centers of 
development of the lymphatic vessels in a given 
region of the body, so in the future all the lymph 
collected from that region is finally carried into 
the corresponding group of deep primary nodes, 
as the deep jugular node®, retroperitoneal, etc. 
The secondary nodes, sucli as the peripheral, the 
inguinal, etc., appear later along the course of 
lymphatic vessels; many smaller nodes are ap- 
parently formed after birth. 

The Iransformation into a primary node is car- 
ried out by an invagination, into the lumen of 
the sac, of the surrounding mesenchyme, which 
grows through the sac in thick or thin bars- The 
mesenchyme forming tlie bars or partitions be- 
tween the cavities at first does not contain wan- 
dering cells. 

According to the newer investigations, the lym- 
phatic sinuses arise as irregular, blind, and 
anastomosing spaces, which are lined from tlie 
beginning by flattened mesenchymal cells, and 
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only later do tlicy come in contact with (lie en-. The lymphocytes develop in situ by the isola- 
dothelium-lincd afferent and efferent vessels. Hon and roundins up of mesenchymal elements 
The primary node is a common primordtum and later ihroupli their own multiplication. They 

for the lympltatic tissue of the cortex and medulla, accumulate mainly in the marfiinal sinus and 

from which the medullary substance arises first, arc carried away by the lymph stream. Among 



Fig. 237. Successive stages (7— #) of the growth of a bud of a l>mphatlc capillary of a frog tadpole 
during three days. 180 X* Kedrawn after E E. Clark. 


Smalt lymphocytes Free mecrephayes litesenchume 



Mitosis of mesenchymal cell Small lymphocyte Medium-sued lymphocytes 


Fig. 238 Primordium of a I)mph nodp jn the wall of (be cervical lymph sac of a human embiyo 
of 37 mm. Lumen of the sac is divided into cavernous spaces by partitions of mesenchyme. Eosin- 
azure stain. About 400 X. (A,A.M.) 

Tlie true cortical substance appears much later the^ cells, at first the small ones always pre- 
as the medullary cords on the periphery of the dominate, but large lymphocytes and macro- 
node gradually develop club-shaped thickenings phages also occur. Granulocytes and megakaryo- 
whicli bulge into the marginal sinus. The de- cytes appear temporarily with the lymphocytes, 
velopment of the lympliatic nodules is completed but soon disappear. The mesenchymal elements, 
very late, in the maiorily of cases after birth. which did not transform into lymphoid cells. 
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either remain as undifferentiated elements (primi- 
tive reticular cells) or give rise to the fixed macro- 
phages of the stroma (see p. 78). Fibrils appear 
rather late m the stroma of lymphatic tissue. 

Hemal Nodes. These are first laid down on 
the same plan as the ordinary nodes; a central 
mass can be distinguished in them, which trans- 
forms into lymphatic tissue and is surrounded by 
the marginal lymphatic network or sinus. Diood 
enters the latter quite early and is brought here 
in part by the lymphatic vessels and in part comes 
from the adjacent tissue areas where hemor- 
rhages occur due to degeneration of blood vessels. 
Then the marginal sinus with the efferent and 
afferent lymphatic vessels is lost. 

Regenerative Capacity of the Lymplialic 
System. When the adult human body is incised 
or otherwise injured, lymphatic vessels, and some- 
times lymphatic organs, are injured. Regenera- 
tion of the vessels begins in the lymphatic capil- 
laries and proceeds by vascular budding. In some 
eases, hoviever. for reasons which are not known, 
regeneration of the lymphatic vessels does not 
take place. 

The tissue of the lymphatic nodes responds to 
local injury at first by the rounding up of reticu- 
lar cells and their transformation into macro- 
phages which multiply by mitosis. The lym- 
phocytes, which at first are unchanged, then 
begin to multiply and hypertrophy into poly- 
blasts. But tins attempt at regeneration U limited, 
and healing is usually brought about by tlie 
development of ordinary scar tissue. 

After excision in young rabbits, lymph nodes 
may regenerate from local cells. With advancing 
age the regenerative ability decreases markedly. 
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Chapter XII 


THE SPLEEN 


The spleen is one of the blood-formin" 
and destroying organs and plays impor- 
tant roles in the metabolism and defense 
mechanisms of the body. It is the largest 
mass of lymphatic tissue in the body. But 
unlike the other collections of this tissue 
ivhich are interposed in the Ijinph stre.nm, 
the spleen is inserted in the blood stream. 
Owing to a peculiar type of blood vessel 
which allows the circulating blood to 
come into very close contact with the 
macrophages of this organ, the spleen acts 
in many respects as a filter for the blood; 
this properly becomes greatly accentuated 
in immune reactions. 

The spleen is covered by a thin, elastic 
capsule which adheres to tiic underlying 
tissue. The capsule is thickened at the 
hilus of the organ where it is attached to 
folds of the peritoneum and w’herc arteries 
enter and veins leave the viscus. Branch- 
ing and anastomosing continuations of 
the capsule, called trabeculae, penetrate 
the organ and form part of its frame- 
work. 

The splenic tissue which fills the spaces 
between the trabeculae is composed of 
typical lymphatic tissue {xrhite pulp) and 
an atypical lymphatic tissue — the red 
pulp. The red pulp is a pastelike, dark red 
mass which can be scraped from the cut 
surface of the organ. On a freshly sec- 
tioned surface of the spleen the lyhite pulp 
is seen as irregular long or rounded gray 
areas, 0.2 to 0.7 mm. in diameter, scat- 
tered throughout the red pulp. These white 
areas are often called Malpighian bodies 
after the anatomist who first described 
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them. Tliey consist of diffuse and nodu- 
lar lymphatic tissue, which varies con- 
siderably in its finer structure from time 
to time. It is inadvisable to use the term 
Malpigliian body, as it has been inter- 
preted to mean different structures by 
various histologists. 

The structure of the spleen and the re- 
lations between the red and white pulp 
depend on the distribution of the blood 
vessels. Tlie arteries are closely connected 
with the white pulp and the veins with the 
red pulp. There is sharp disagreement be- 
tween various investigators as to the mode 
of connection between the arteries and 
veins. 

Tlic Capsule and Trabeculae. The 
capsule and the trabeculae of the spleen 
consist of dense connective tissue and a 
few smooth muscle cells. The collagenous 
fibers of the trabeculae are continuous 
with the reticular fibers of the pulp. Elas- 
tic fibers form a network between the col- 
lagenous bundles. In man, the network of 
the thickest elastic fibers is located in the 
deep la)ers of the capsule. The external 
surface of the capsule is covered by a 
layer of flattened mesothelium which is 
part of the peritoneum. 

In the trabeculae the elastic fibers are 
more numerous than in the capsule and 
sometimes replace most of the collagen- 
ous fibers. Muscle fibers are present in 
small groups (in man) or in long cords. 
The slow’ rhythmical changes in the vol- 
ume of the organ are due to the smooth 
muscle in the capsule and trabeculae (in 
those species in which smooth muscle is 
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prominent) and to the vascularly con- 
trolled changes in the amount of blood in 
the organ. 


lar cells or fixed macrophages (p. 78). 
As in all lymphatic tissue the meshes 
of the framework are filled with free 
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Fig. 230. Human spleen; section perpendicular lo llie serous surface. A, Artery jn a trabecula; 
Its brandies at a are covered with a thin layer of lymphatic tissue (wliite pulp) ; those branches 
marked ac are surrounded by a thick layer of while pulp, <17; x, lymphatic nodules; Ca, capsule; 
p, small penicillj; r, red pulp, penetrated by the pale %cnous sinuses (the blood in tlie sinuses and 
veins is not shown); i', veins in a trabecula communicating with the red pulp; r, origin of a 
trabecula, t, from the capsule. 32 X- {AJV,M.) 


The While Pulp. The while pulp 
(lymphatic tissue) forms a sheath about 
the arteries. Tlie stroma is a nelw’ork of 
reticular fibers closely joined lo the primi- 
tive reticular cells and phagocytic reticu- 


lymphocyles of various sizes, distributed 
to form diffuse and nodular lymphatic 
tissue. In the center of the lymphatic 
nodules of the spleen (Fig. 239, x) (sec 
p. 80), as in the nodules of lymph nodes, 
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fibers of the trabeculae are continuous 
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tic fibers form a network between the col- 
lagenous bundles. In man, the network of 
the thickest elastic fibers is located in the 
deep layers of the capsule. The external 
surface of the capsule is covered hy a 
layer of flattened mesothelium which is 
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more numerous than in the capsule and 
sometimes replace most of the collagen- 
ous fibers. Muscle fibers are present in 
small groups (in man) or in long cords. 
The slow rhythmical changes in the vol- 
ume of the organ are due to the smooth 
muscle in the capsule and trabeculae (in 
those species in which smooth muscle is 
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ihe framework consists of very thin, scat* 
tered threads, while at the periphery it is 
coarser and much denser. A few elastic 
fibers are interspersed among the reticular 
fibers of the white pulp close to the artery 
and its capillaries. 

The absolute and relative amounts of 
diffuse and nodular lymphatic tissue vary 
continuously and reflect the reaction of 
the lymphatic tissue to various generalized 
stimuli. The Ijmphatic tissue of the spleen 
undergoes the same changes described on 
pages 80-85 for the lymphatic tissue in 


of the organism. In the young they are 
numerous, while in the aged they are 
usually absent (especially in man). “Re- 
action centers” are common in certain in- 
fections and intoxicationsr 
The Red Pulp. This tissue fills the 
spaces between the terminal venous blood 
vessels, the so-called “venous sinuses,” 
and appears in histologic sections as 
cords, the “splenic” or “Billroth cords” of 
tissue, running in all directions and form- 
ing a spongy framework. The red pulp 
is a modification of the lymphatic tissue 



general. That is, diffuse lymphatic tissue 
may become nodular and vice-versa. The 
volume and number of the nodules de- 
crease progressively with age. In myeloid 
leukemia the red pulp is greatly increased 
in amount (besides changing qualita- 
tively) while the white pulp almost dis- 
appears. In lymphatic leukemia, on the 
contrary, l)ie uhite pulp hypertrophies 
and the red pulp atrophies. The amount 
of l)mphatic tissue is said to diminish 
during star\atJon. Lympboc>topoietic cen- 
ters in the nodules appear and disappear 
in connection with the general condition 


of the white pulp. The red pulp grad- 
ually merges into the white; outside of 
the latter, there is a band of tissue looser 
than the white pulp and containing some 
erythrocytes but devoid of venous sinuses. 
It constitutes the so-called “marginal 
zone” of the periarterial lymphatic tissue 
sheath. Some authors include the venous 
sinuses in the red pulp. 

A framework of reticular fibers forms 
the foundation of the red pulp. At the 
boundary between the white and red pulp, 
it is evident that the fibers of the former 
continue into those of the latter. The col- 
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diflerenl stages of digestion, and yellow 
and brown granules, some of which give 
an iron reaction (Fig. 244). Free macro- 
phages can sometimes be found in the 
blood which fills the venous sinuses. 

In many mammals (mouse, guinea pig, 
and hedgehog) and in human embryos 
the red pulp of the spleen contains small 
groups of myelocytes, erylhroblasts, mega- 
karyocytes, and plasma cells. 


tcncies. The myeloid elements may de- 
velop from typical lymphocytes as well as 
from primitive reticular cells. The old idea 
of an “antagonism*’ between the red and 
white pulp is obviously untenable. The 
red pufp is merely a modified lymphatic 
tissue tchich is heavily infiltrated with all 
of the cells of the circulating blood. 

Arteries. The branches of the splenic 
artery enter the hilum and pass along the 
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Fip. 2J3. Cross section of a cord of Billroth l>ing between two venous sinuses from the spleen of a 
rabbit injected with lithium carmine and India ink. Hematoxylin eosin-azure II. 460 X- (A A.M.) 


In infections, in some of the anemias 
and leukemias, in poisoning w’ith certain 
blood-destroying agents, and in local in- 
nammations of the organ, the splenic tis- 
sue undergoes a myeloid metaplasia (p. 
112). Myelocytes, megakaryocytes, and 
erylhroblasts develop within the red pulp; 
only myelocytes have been described as 
arising in the germinal centers. This indi- 
cates that both white and red pulp are 
composed primarily of the same lym- 
phatic tissue, which also has myeloid po- 


trabeculae, with which they branch re- 
peatedly, becoming progressively smaller 
in caliber. They are muscular arteries of 
medium caliber and ha\e a loose tunica 
adventitia surrounded by the dense con- 
nective tissue of the trabeculae. 

When the arterial branches have 
reached a diameter of approximately 0.2 
mm. they leave the trabeculae (Fig. 245). 
At this place the tunica adventitia is re- 
placed by a cylindrical sheath of lym- 
phatic tissue which accompanies the ar- 
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iagenous fibers of Die Irabceulae continue 
directly into the' reticular fibers of the red 
pulp. The fibrous stroma of the latter is 
accompanied by fiwd macrophages and 
primitive reticular cells. 


numbers, intermingled without order. The 
various types of lymphocytes which arise 
in the while pulp spread by their ameboid 
movement throughout the red pulp where 
they continue to multiply. 



Fig. 242. Red pulp of a liuman spleen, K, condensed crtoplasm of Jining celts. Eosin-azure stain. 
750 X. (AdtJlI.) 


In the meshes of this framework are 
many lymphocytes, free macrophages and 
all the elements of the circulating blood. 
The nongranular leukocytes are the most 
numerous of these free cells. Among them 
small, medium-sized and large lympho- 
cytes and monocytes are present in great 


The free macrophages are similar to 
those of the lymphatic tissue and are in 
close genetic relation with the fixed mac- 
rophages. They are round or irregularly 
shaped cells iv'ith large vesicular nuclei 
and much cytoplasm ivhich often contains 
wigulfcd particles, mainly erythrocytes in 
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Fig. 2-15 Diagram of ihe spleen Ti*o compfete (right and left) and two incompPefe ^above and 
below) lobules are shown, /f', Point where artery^, A, leaves the trabecula; a, artery covered by a 
sheath of lymplioid tissue (white pulp) ; d, arteries of the pulp; e. sheathed arteries of Schweigger- 
Seidel; /, arterial capillaries; M, swelling of white pulp; r, red pulp; S, venous sinus; /, trabecula; 
y, veins entering trabeculae from red pulp; Fen, large veins in the trabeculae; Z, origin of trabecula 
from tlie capsule, Ca. 

The artery of the pulp has a tunica cells) and longitudinal fibers which con- 

media consisting of one layer of smooth tinue into the reticular fibers of the red 

muscles surrounded by a thin disconlinu- pulp. Tlic arterial capillaries consist of 

ous ein elope of lymphatic tissue which the endothelium, supported externally by 


contains a few elastic fibers. In man the 
Schweigger-Scidel sheaths are only 


a few longitudinal fibers and elongated 
cells. 
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teries almost to llie point ivhcrc they break 
up into copjjiaries. Tbc wliiic pulp is the 
Iransfonned lunicn ndvenlitm of (he ar- 
teries and lienee contains some clastic 
fibers. In many places along the course of 
the arteries the lymphatic sheath contains 
lyniphalSc nodules. The artery, although 
called “central artery” practic.ally never 
passes through the nodu!c<. 


continue to branch and become thinner; 
on reaching a caliber of dO to SO they 
leave tlic lymphatic tissue and enter the 
red pulp. Here they brnncli into small, 
straight vessels called penicilU, which 
shoiv three successive parts. The hrsl por* 
tion is the longest (0.6-0.7 mm.) and is 
called the arfery of the pulp, whicli rapidly 
becomes narrow and divides {the caliber 


Plasma Venous 

Eosinophil leukoci/te cell sinus Heterophil leuhoeyte 



Hg. 2-{4. Red pulp of a rabbit s sptcew. TJie nucropliages (free reticular cells) are loaded with hestw- 
siderin granules. Ebsin-azure stasn, 750 X* (.t.A.5f.l 


Throughout its course within the white 
pulp, the artery gives off numerous capil- 
laries which supply the lymphatic tissue 
of the sheath. The endothelial wall of 
these capillaries is supported exlemally 
by a thick network of relicuiar fibem. 
These arterial capillaries pass into the red 
pulp to unite with venous vessels (see 
Pig. 245). 

The small arteries in the white pulp 


now is about 10 /;»). Each branch (0.15- 
0.2S mm. long) is provided ivith a charac- 
leristic spindle-shajied thickening of its 
ivall, the Schiceigger-Seidel sheath, but 
has a very narrow lumen (6^ p) the 
So-called sheathed artery; this portion 
may ramify into two or three branches. 
These— forming the third portion— ire 
the shortest (00 to 90 p irilh a 'lumen up 
to 10 p) and represent simple arterial 
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the venous sinuses of the spleen is per- 
forated by many permanent openings. 
The solution of this problem tvill do much 
to solve the riddle of the blood circiilalion 
in the spleen (see below). 

In the sheep and ov the wall of the sinuses 
is composed of an exceedingly irregular network 


densed stroma of the red pulp and a few 
elastic fibers. These pulp veins coalesce to 
form the veins of the trabeculae. These 
vessels consist only of endothelium sup- 
ported by the connective tissue of the 
trabeculae. The trabecular veins form the 
splenic veins which leave the organ at the 
hilum and empty into the portal vein. 


Lymphocyte Transverse reticular fiber 



Transverse reticular fiber 

Fig. 217. Wall of a venous sinus from a monhe)’s spleen, seen from the surface. Redrawn after Mollier. 


of reticular cells and fibers indistingUJ«liaWe 
from the stroma of the red pulp Tiierc are other 
variation* in different species. The venous sinuses 
tlius appear to be more or less regular cylindrical 
niC'lies of the reticular framework of the tissue. 

The venous sinuses empty into the v’eins 
of the pulp whose wall consists of endo- 
ihernitn supported externally by a con- 


The Union of tlie Arteries with the 
Veins. In almost all the other organs of 
the body the connection between the ar- 
terial and venous systems is accomplished 
by a direct passage of the arterial capil- 
laries into the venous, in which the endo- 
thelium retains its continuity and the vas- 
cular lumen is completely closed. In the 
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In the doj;. hcdpeho;; and pip, and m iIm: lot^er 
verlehrates, the ?lieatlis are lluck, oval Iradies; 
they may be «een in the red pulp with low 
magniiicatiof). Red corpuscles arc alwaja present 
in large or smaH numbers inside the sheath. 

Veins. The veins of ihc spleen begin 
fls nclu’orks of venous sinuses tvhich |>cnc* 
Jrale nil of the red pulp anti arc especially 
numerous about the white pulp. Tlicse 
vessels are called sinuses because they 
have a ^M'de (12 to 40 /<) irregular lumen 


each of these rod-shaped cells is distended 
by a nucleus. These lining cells arc fixed 
macrophages identical in origin and prop- 
erties tvitli those of the adjacent splenic 
cords, although normally less actively 
phagocytic than the fixed macrophages of 
the cords. 

Outside the rod-shaped cells, the wall 
of the sinus is supported by a system of 
circular, occasionally branching, reticular 
fibers which continue into the reticular 


Trabecula 


Medium sized lymphocyte Utmen Reticular cells 



Small 

lym- 

phocytes 


Heterophil 

lei/hocyte 


Erythrocytes 


Arterial sheath Lumen 

Fig, 246. Cross section of n sbcalbed artery which has divided into two lumens. Spleen of a dog. 
Eosin-azurc stain. 500 X- (A.A.M.> 


whose size varies with the amount of blooi} 
in the organ. The sinuses, even when 
moderately expanded, occupy more space 
than the splenic cords belu een them. 

Unlike the veins, the walls of the ven- 
ous sinuses do not contain common vascu- 
lar endothelium but are lined by long nar- 
row cells .-irranged parallel to the long 
axis of the vessel. Adjacenl cells are sepa- 
rated by slitlike spaces and their bodies 
project far into the lumen. The middle of 


fibers of the splenic cords. The outer sur- 
face of the rod-shaped cells has grooves 
into which the reticular fibers fit. The 
sinus wall is thus a network of longitudi- 
nal, rod-shaped fixed macrophages and 
circular reticular fibers. Some hold that 
the meshes of this framework are closed 
by a thin, homogeneous memhrane or by 
the edges of the phagocytes. Others claim 
the existence of such a membrane has not 
been clearly pro\ed and that the wall of 
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found passing through the walls of the 
venous sinuses. It is difTicult to reconcile 
this finding with either the “closed” or 
the “open” circulation theories, for these 
views hold that there are open connec- 
tions between the sinuses and the arterial 
terminals or the meshes of the cords of 
Billroth respectively. It is of course pos- 
sible that such pictures are artefacts due 
to the collapse of the spleen after it is in- 
cised before being fixed. 

The problem of circulation in the spleen 
>\ould seem to be an ideal one for solu- 
tion by direct observation of the living 


ous systems, so that the blood from the 
terminals of the arterial tree passes be- 
tween the reticular cells (fixed macro- 
phages) of the cords of Billroth and finds 
its way through openings into the sinuses. 
According to these observations, erythro- 
cytes may be stored in the spaces between 
the reticular cells and it is here that the 
separation of the blood cells from the 
plasma occurs.^he channels in the cords 
of Billroth vary from time to time with 
the degree of engorgement of that part of 
the organ, so that a channel which pre- 
viously had been a tortuous passage be- 



Fig. 219. Sections of spleens of monkeys at different stages in malarial infection (P. krasillanum). 
Sluggish pliagoc) tosis by macrophages during acute rise in the Infection (A) , intense phagocytosis of 
parasitized erythrocytes during the crisis (D), and accumulation of malarial pigment and debris of 
erythrocytes in the macropliages two days after the crisis (C); Adv. adientitlal cell; End, endo. 
thelium of a senule; Ery, erythrocyte; Lit, lining cell of sinus; /1/ac, macrophage; M Lym, medium 
lymphocyte; Par, parasite; P/g. pigment; 5 Lym. small lympliocyte. Hemaloxylm-eosin-azure II. 
After Taliaferro and Cannon. 970 X- 


organ. Unfortunately, the technic avail- 
able for this is difficult and the two exten- 
sive reports made with it are contradic- 
tory. According to one the circulation in 
the spleen is closed, there is a marked inter- 
iniltence of circulation, there is extensive 
filtering of the liquid portion of the blood 
from the sinuses into the cords of Bill- 
roth, and diapedesis of erythrocytes fr6m 
the sinuses occurs frequently during the 
dealli of the animal. These conclusions 
are contradicted by the latest study on liv- 
ing spleens, nhich finds that the circula- 
tion is open, that is, without preformed 
connections beti\een the arterial and ven- 


tween reticular cells may appear as a di- 
rect communication to the lumen of a 
\enous sinus when the spleen is con- 
tracted, From the above it is obvious that 
the manner of connection of arterioles 
and venules in the spleen requires further 
investigation. For the time being, it ap- 
pear that the weight of evidence is in 
favor of an open circulation. 

If the splenic \eins are tied for a few 
moments, the splenic artery ligated and 
the entire organ fixed and sectioned, one 
can easily trace columns of erythrocytes 
from the meshes of the cords of Billroth 
into the venous sinuses. The pictures seen 
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spleen, however, the connection is dilTcr* 
cnt and its details arc stili subject to dis- 
pute, There arc three main theories as to 
iiow blood gets from the arteries to the 
venous sinuses; (1) Tlic arterial capil- 
laries open directly into the spaces be- 
l\\'ccn the reticular cells of the splenic 
cords and the blood gradually filters into 
the venous sinuses — the “open” circula- 
tion theory. (2) The arterial capillaries 
communicate directly svith the lumen of 
the venous sinuses — the “closed” circula- 
tion theory. (3) The compromise view 
holds that both types of circulation exist 


and the venous sinuses. Those who main- 
tain that the circulation is “closed” hold 
that the number of erythrocytes in the 
s]»!enic cords is much smaller than it 
should be if the arterial capillaries opened 
directly into the pulp. They point out that 
tf the capillaries were open, the red pulp 
should be completely filled with blood, as 
in hemorrhages in the spleen. 

(2) Wiien the splenic arteries are in- 
jected, e%-Bn at low pressures with stained 
fluids, India ink, or avian erythrocytes, 
the foreign materials readily gain access 
to the spaces between the fixed cells of the 



at the same lime. One of the latest aspects 
of this theory is that a “closed” circula- 
tion in a contracted spleen may become an 
“open” circulation when the organ is dis- 
tended. {See Fig. 248. t 
The opposing theories are based on the 
following observations: {!> There are 
always many erythrocytes scattered irr^- 
ularly between the fixed cells in the 
splenic cords. As there is no evidence of 
erythropoiesis in the cords, the conclusion 
is that the red blood celts have coroe from 
the circulating blood through gaps in the 
vascular connection between the arterioles 


splenic cords, particularly in the red pulp 
about the ^vhile pulp. Only later do they 
reach the venous sinuses. When the 
splenic vein is injected, the venous sinuses 
and the meshes of the stroma can be filled 
easily, but the arteries cannot. 

Those who hold for a closed circulation 
believe this injection of the red pulp by 
foreign materials is artificial and results 
from the rupture of the delicate vascular 
walls. 

(3) In every freshly fixed spleen, gran- 
ulocytes, lymphocytes xvith greatly con- 
stricted nuclei and erythrocytes can be 
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hemoglobin or certain iron salts is intro- 
duced under the skin or into the abdomi- 
nal oavity oC normal animals (pigeon, 
guinea pig) , the amount of iron-contain- 
ing pigment in the reticular cells of the 
spleen is greatly increased. If the same is 
done to splenectomized animals, the iron 
is rapidly excreted through the liver and 
intestine. 

Probably correlated rvilh these phago- 
c>tic functions, is the great importance of 
the spleen in the production of antibodies 
and in the defense of the organism against 
various infections, especially those which 


macrophages of these organs. Then as ac- 
quired immunity develops, they are fil- 
tered out and phagocytoscd so much more 
rapidly that they not only become exceed- 
ingly scarce but superinfection is pre- 
vented. This acquired immunity is de- 
pendent on an increased number of 
macrophages, particularly in the spleen, 
and a very much greater individual activ- 
ity of the macrophages in all three organs. 
It seems probable that the increase in indi- 
vidual phagocytic activity in acquired im- 
munity is associated with an opsonic anti- 
body. Whenever the malarial infection 



Fig. 2'SO. Sections of spleen (A), liver (Bt, and Iron© marrow (C), of monkey infected with malaria 
(P knowlesi). Piiapocjtosis of the black malarial pigment is most marked in tlic spleen Tlie KupfTer 
cell** m tlie luer are also lieavily laden witli pigment. Tlie phagocytosis is les"* prominent in tlie bone 
niarron. Pliatomicrograplis. After Taliaferro and Mulligan. 830 X- 


are generalized enough to be in the blood 
stream. The Iner and bone marrow, which 
contain macrophages similarly strate- 
gically placed for contact with substances 
in the blood, share these functions. Of 
these three organs, the macrophages of 
the spleen are generally most active, those 
of the liver next and those of the bone 
marrow least. The direct function of the 
macrophages in defense is well exempli- 
fied during a blood infection such as ma- 
Kiria. Here from the onset of the infection 
parasites are filtered out in the spleen, 
Fncr and to a less extent, bone marrow, 
and are eventually phagocytoscd by the 


persists a pronounced hyperplasia of sev- 
eial types of cells of the spleen occurs. 
Mitotic division is most pronounced in the 
medium l>mplioc)tes, to a less extent in 
the large Ijmphocytes and reticular cell®, 
and to a very slight degree in the func- 
tional macrophages. This type of prolifera- 
tion has been termed “mesenchymal acli- 
xation” and is frequently associated with 
pronounced splenomegaly. A similar acti- 
vation has been noted In infections other 
than malaria where the exact causal agent 
is unknown and where direct phagocjlic 
activity can accordingly not he observed, 
and during immunization with noninfec- 
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in spleens prepared by tins old method 
correspond more w ith those seen in the Hv* 
ing organ than do the usual preparations 
made by.culling thin slices from the fresh 
organ before fixation. 

Lymphatic Vessels and Nerves. In man lym' 
pliatic vessels are poorly developed and ate found 
only in tlie capsule of the spleen and in tlie thick', 
est trabeculae, particularly those in the vicinity 
of the lulus. In some mammals true lymphatic 
vessels follow the arteries of the white pulp to 
the hilus. Nervous networks, which originate 
from the celiac plexus and which consist almost 
entirely of nonmedullated fibers, accompany the 
splenic artery and penetrate into the hilus of the 
spleen. In the sheep and ox these nerves form 
trunks of considerable thickness. Tlie nerve bun. 
dies follow mainly the ramiBcations of the ar- 
teries and form networks which can he followed 
up to the central arteries of the white pulp and 
even along the branches of the peniciili. The 
terminal branches usually end with button like 
thickenings in the smooth muscles of the arteries 
and of the trabeculae. Apparently many branches 
penetrate into tlie red us well as the white pulp, 
hut their endings here are not definitely estah. 
lished. 

The Functions of the Spleen. The 
spleen is closely related to the lymphatic 
and hemal nodes and the bone marrow, 
and is an important hemopoietic organ. 
Lymphocytes are produced in it, mainly 
m the white pulp and in particular in its. 
nodules. From the white pulp they migrate 
into the red pulp, where some of them are 
thought by certain authors to become 
monocytes. Lymphocytes and monocytes 
actively enter the venous sinuses through 
the reticular wall. 

In the embryo the spleen is a hemopoietic 
organ of some importance (p. 104). The red 
corpuscles of the splenic tissue of the normal 
adult man are never formed in the while or the 
red pulp. In certain mammals (but not m man), a 
few myelocytes are found normally m the red 
pulp. 

In pathologic cases, especially in myeloid leu. 
hernia, the red pulp of the spleen undergoes 
myeloid metaplasia (p. 112). In this case a large 
number of erythroblasfs, megakaryocytes, and 
myelocytes of various kinds appear in the tissue. 


so that the red pulp acquires a structure very- 
similar to that of red bone marrow! 

•Uler the removat of the spleen the number 
of lymphocytes in the blood increases (lympho- 
cytosis) ; this is explained by an excessive com- 
peiKation on the part of lymph nodes. Then, there 
is an increase in tlie number of eosinophil leu- 
kocytes. Both phenomena soon disappear. 

Tlie spleen also acts as a store for red 
blood cells. From time to time large num- 
bers of them are retained in the red pulp 
and then given up to the blood stream as 
they arc needed in the circulation. 

The rate of circulation of the blood 
through the red pulp may be fast or slow, 
and even stops for varying periods of 
time. This allows the macrophages many 
opportunities for removing substances 
and particles (Including bacteria) from 
the passing blood. 

The destruction of erythroc)tes occurs 
In the spleen, with a varying intensity in 
different species, for they are phagocy- 
tosed by the macrophages in the splenic 
cords and sometimes by those lining the 
sinuses. Disintegrating erythrocytes and 
granules of hemosiderin are often found 
in the cytoplasm of these phagocytes. 
After poisoning with substances which 
destroy the red blood cells (pjrogallol), 
the red pulp becomes filled with large mac- 
rophages containing the debris of eryth- 
locytes. The destruction of erythro- 
cytes also proceeds extracellularly, for 
particles of disintegrating erythrocytes 
may be encountered among the cells of the 
red pulp (p. 98). After splenectomy, the 
erythrolytic function is carried out by the 
macrophages of the bone marrow, lymph 
nodes, and liver. 

Closely connected with erythrocyte de- 
struction by the spleen is its function in 
iron metabolism. The iron-containing com- 
ponent of hemoglobin is freed from the 
disintegrating erythrocytes and is stored 
in the reticular cells of the spleen. This 
accumulated iron is again utilized in the 
formation of hemoglobin. The site of this 
latter process is unknown. If a solution of 



THE SPLEEN 


live. Similar results have been obtained 
with certain normal serums which are 
trypanocidal and even with various pro- 
tective immune serums. In the last case 
splenectomy probably removes macro- 
phages which normally phagocytose op- 
sonized parasites. 
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content of macrophages and lymphoid 

cells. 

When the lipoids in the blood are increased in 
amoant, the reticular cells of the spleen, like 
the other macrophages of the body, have the 
capacity to remove the lipoids from the hlood and 
to store them. During this process these macro- 
phages increase greatly in size, are filled with 



Red pulp rfa6ect#/a Artery White pulp 



Fig. 252. Photomicrographs of sections of spleen of a dog, showing distribution of alkaline phos- 
phatase as the black stained material in the white pulp of the upper figure and of acid phosphatase 
as the black stained material in the red pulp of the lower figure. The very thick trabeculae are char- 
acteristic of the dog’s spleen. Courtesy of G. GomorL 30 X. 


As macrophages .in contact with the 
blood stream are not restricted to the 
spleen, it is not surprising that the effects 
of splenectomy largely disappear as the 
splenic functions are asumcd by the mac- 
rophages of other organs, particularly the 
liver and bone marrow. This makes very 
improbable the view of a few authors that 
the spleen possesses peculiar powers of de- 
fense in addition to those referable to its 


lipoid droplets and acquire a foamy appearance; 
this is observed in man in diabetic lipemia and 
in lipoid histiocytosis (Niemann-PIck disease), 
and in the e-cperimenlal hypercholesterolemia of 
rabbits. 

The spleen is thought by some to regulate the 
formation and destruction of erythrocytes by the 
production of a hormone which decreases the 
erythropoietic capacity of the hone marrow. 
Others think that a hormone is produced by the 
spleen which inhihits the formation of leuko- 
cytes in the other hematopoietic organs. 
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Uous antigens. In malaria the functional 
significance of the activation is largely 
that of producing increased numbers of 
inacropliagcs. Taliaferro and Mulligan 
(1937) have shown lliat in malaria num* 
erous lymphocytes can he found in all 
stages of development into functional 
macrophages and that hyperplasia of the 


than guinea pigs and rabbits vfiih their coropara- 
tnely email spleens. In many animals splenec- 
tomy is often follotted by a recrudescence of 
a latent or low grade infection, as is striUngly 
exemplified by Bartonella infections of rats, 
piroplasms of dogs and sheep and malaria of 
monkeys. Similarly, splenectomy often tempo- 
rarily depresses antibody formation. This effect 
is greatly enhanced if combined with so-called 



Fig. 251. Transitional forms (Po/ybf. 1-5), showing progressive hypertrophy and phagocytosis, 
from nongranufar leukocytes to macrophages. A small trabecular vein front spleen of monkey fSiJenus 
rhesus) killed nine days after infection with malaria (P. knowlesi) and three days after the parasites 
appeared m the periplieral blood. Polybl. I has a small lymphocyte nucleus with an increase in cyto- 
plasm Polybl, 5 has a medium-sized lymphocyte nucleus. The endothelium of the trabecular vein 
(actually a pulp vein) is phagocytic. Hemaioxylin-eosin-uzure II. After Taliaferro and Mulligan. 
1400 X. 


reticular cells (fixed macrophages) is in- 
sufficient to describe the cellular mechan- 
ism involved in immunity. 

As would he expected from these histologic 
findings, removal of the spleen sometimes lowers 
the natural resistance or the immune response. 
The conflicting evidence on this problem is prob- 
ably due to the variations in different species ol 
the spleen-weight to body-weight ratio and also 
to the compensatory action of other organs after 
one or two weeks; b«t in general, rats. mice, and 
dogs having large spleens show greater effects 


“blockade” by the intravenous injection of col- 
loidal dyes or particulate matter. 

An intact macrophage system, a large 
part of which is in the spleen, seems nec- 
essary for the full utilization of specific 
drugs used in the treatment of infections 
due to trypanosomes, spirochetes, and bac- 
teria, Thus, if the spleen is removed, and 
particularly if blockade accompanies 
splenectomy, a dose of drug effective in 
curing a normal mouse is no longer effec- 
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During digestion, tJic spleen increases >n size. 
TJie reason for lliis is not known. Relations be- 
tween the spleen and the \arious glands of in* 
ternal secretion ha^e not been established. 

llistogciipsis niid Kcgciierntion of the 
Spleen, The primordiura of the spleen appears, 
in human emhrjos of 8 to 9 mm., as a small 
thickening of the dorsal mesentery, consisting 
of a closely aggregated ma«^ of energetically 
niuhipljing, rocscnchjmal clement*. 

The mcsench) mal cells which compose this first 
primordium of the spleen multiply independently 
by mitosis and the primordium grows. It has Jieen 
supposed that it also increases in size ‘by apposi- 
tion of new cells from flic mcsolheliom of the 
liody cavity co\ering the primordium. After the 
embryo (pigl has reached a length of IS mm., 
it receives no more cells from the mesofhelium. 

The elements of the primary mesenchymal 
primordium differentiate in two direction*. Some 
remain connected with one another by means 
of processes and form the reticular framework of 
the white as well as of the red pulp. Some of the 
mesenchymal elements soon hecomc' mlated 
from the rest and become free cells, located in 
the meshes of the framework'. At first ihev all 
have (im character of basophil wandering ele- 
ments— lymphocytes. Later on, they give origin 
to red corpuscles, granular myelocytes and leii- 
kocytes, and megakaryocytes, as welt as to more 
}}mphoc)lcs. In the hwee lertehrates op to the 
urodcle amphibians, tins erytiiropoietic func- 
tion 18 retained throughout life in the spleen; 
in the higher vertehrates the myeloid function 
>tops sooner or later and is replaced by an erytli- 
roly tic function, although the formation of lym- 
pliocytes persists throiigiiout life. 

In mammals (pig> the nic«cnch)mal primor- 
dium contains a capillary vascular network con- 
nected with the afferent arteries and efferent 
veins .Afeanwhile, irregular spaces, the precursors 
of the venous sinuses, appear (embryo pigs of 
4 to 6 cm.t and berome connected, in <S to 7 cm. 
embryos, with the afferent and efferent vessels. 

The tissue of the emboonic mammalian spleen 
has at first a myeloid character and cannot be 
compared with either the red or white pulp. 
the end of fetal life (in the ratt the adventitia 
of the arteries begins to be infiltrated with large 
numbers of lyropljocytes and in this manner the 
white pulp originates; typical lymphatic nodules 
are found after birlii. Simuiianeously, tiie myeloid 
elements which had reached their maximum de- 
velopment three weeks after birth (in the rat) 
begin to disappear gradually, and the fi^soe of 
the spleen located between the accumulations of 
while pulp may be then called the red pulp 


When the spleen is removed, its functions are 
token over by other organs, and the formation 
of a new spleen has never been obsened, al- 
though a compen«att'ry hypertrophy of the so- 
called "accessory spleens” has been described. 
Local injuries and vvounds of the spleen are ac- 
companied by a temporary myeloid metaplasia 
of the red pulp and heal with a simple sejr. In 
Uie amphibian*, particularly in larval stages, a 
certain degree of regeneration is possible, while 
in birds the spleen shows marked regeuerafive 
powers. 
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of the cellular products have not been 
found. 

The ovary and testis are examples of 
cytogenous glands in which parts of the 
secretion are the living germ cells. In the 
same group might be placed, perhaps, the 
hematopoietic tissues. 

The type of secretion in which the glan- 
dular cell remains intact throughout a 
cyclic process of formation and discharge, 
and then formation again, followed by 
discharge, and so on, of secretory prod- 
ucts, is called merocrine secretion. In 
holocrine secretion the products accumu- 
late within the cell body; the cell finally 
dies and is discharged as the secretion of 
the gland, new cells having arisen in the 
meantime to repeat the same cycle. The 
intermediate type of secretion is the so- 
called apocrine type. Here the secretion 
accumulates within the free end of the 
cell; after a time, this portion of the cyto- 
plasm is pinched off but the nucleus and 
most of the cytoplasm are undamaged, 
and after a recovery period, the cell 
passes through the same process again. 

The details of these various types of 
secretion will be considered with the de- 
scriptions of the specific organs: mero- 
crine secretion with the salivary and pan- 
creatic glands, holocrine secretion with 
the sebaceous glands, and apocrine secre- 
tion with the mammary gland. 

Unicellular Glands. In the mammals 
practically the only type of unicellular 
gland is the mucous or goblet cell which 
secretes mucin, a protein which forms 
with water a lubricating solution called 
mucus. These cells are scattered on many 
mucous membranes, especially those cov- 
ered with columnar or ciliated epithelium 
(Fig. 29). A fully developed mucous cell 
has an oval apical, and a slender basal 
end; it resembles a goblet. The dilated 
part consists of a thin protoplasmic wall 
usually called the theca and a cavity 
"Inch is filled "jih an almost homogene- 
ous clear mass uith a JiiultUude of pale 
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droplets of mucigen. This material is very 
difficult to preserve in fixed preparations 
(see Hempelmann for details on stain- 
ing). At the free surface of the cell the 
theca is interrupted and through this 
opening the mass of mucigen often pro- 
trudes in the form of a plug. The stalk of 
the goblet cell contains a more or less 
compressed and disfigured nucleus. 

The droplets of mucigen leave the goblet cell 
through the opening on the surface, dissolve at 
once and are transformed into mucin. This elimi- 
nation of the mucigen may proceed gradually 
and the cell may keep its goblet form for a long 
time. In other cases the whole content is thrown 
out at once and the emptied cell collapses and 
is compressed between the neighboring epithelial 
cells (Fig. 29, 6). After a while a new accumu- 
lation of mucigen may begin in the same cell. 
Small granules appear above the nucleus in the 
region of the Golgi net; at first they stain with 
acid dyes and do not swell easily on the addition 
of water. They gradually enlarge, acquire the 
character of mucigen, and cause a new swelling 
of the apical part, while the cytoplasm between 
them is reduced to thin partitions and finally 
may disappear. 

A goblet cell seems to pass many times through 
the successive phases of secretory activity until 
it finally perishes and is shed. Mitoses have been 
observed occasionally m them. As a rule, how- 
ever, new goblet cells arise through a irans- 
lormalion o! imliSctenl epithcUal cells or cells 
with a striated border or cilia. The transforma- 
tion of a goblet cell into a common epithelial 
cell seems doubtful.- 

multicellular Glands. If ihe glandu- 
lar cells in an epithelial sheet replace all 
the common epithelial cells, a secretory 
epithelial surface results (Fig. 253, b). In 
the mammalian body, the epithelium of 
the chorioid plexuses and the surface epi- 
thelium of the gastric mucosa with its 
foveolae are of this type; the epithelium 
of the mucous membrane of the uterus 
and oviducts, to a certain extent and at 
certain limes, also belongs to tin's cate- 
gory. 

A transitional step betv»een the unicellular 
and multicellular glands is represented by the 
inUatpUheUal glands (Fig. 251) . They are found 
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We have seen that t!ie cells forming the 
connective substance and the nervous, 
muscular and vascular systems have com* 
pletely lost the arrangement of the primi- 
tive epithelial sheets from which they were 
derived. In the organs described in the 
following chapters the epithelium persists 
as such or as special structures called 
glands. It was pointed out in the chapter 
on epithelium that the most important 
and general function of the epithelium is 
its participation in the metabolism of the 
body through the absorption of sub- 
stances from the outside medium, their 
modificalion in the body, and the elimi- 
nation of other materials to the outside. 
Practically all substances which are nor- 
mally received and given off by the body 
must pass through an epitlielium. The 
main function of the glands is the trans- 
formation by processes of secretion of the 
materials brought to them into products 
which are to be used by other cells of the 
body or eliminated. In this process, work 
is done (see discussion by Flexner, 1934), 
Some authors distinguish secretion from 
excretion and use the latter to mean the 
simple separation of unchanged waste ma- 
terials — a process which does not require 
work on the part of cells. However, it is 
often difficult to decide whether a particu- 
lar process is one of secretion or excre- 
tion or both. Examples of the problem 
will appear in many of the organs de- 
scribed in the following chapters. 

The secreting or glandular cells may be 
scattered singly as unicellular glands 
among the other cells in the epithelial 
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sheet. If all of the cells in the sheet are 
glandular they form a secretory epithelial 
sheet. The mechanism for secretion 
reaches its highest development in the 
mnUiccIIular glands, in which large num- 
bers of secreting cells are concentrated in 
a small space and form a well delimited 
organ with a special structure. All multi- 
cellular glands arise as invaginations of 
the epithelial slieel into the underlying 
vascular connective tissue, from which 
they are usually separated by a basement 
membrane. 

Most of the glands elaborate an exter' 
nal secretion {open or exocrine glands). 
In these the glandular cavities open freely 
on the surface of the epithelium from 
which they have developed and the secre- 
tion is poured out on this surface. These 
exocrine glands may he simple or com- 
plex. Other glands ha\e an internal secre- 
tion (closed or endocrine glands). In the 
embryo the latter originate in the same 
way as the open glands through the in- 
vagination of an epithelial sheet. Later, 
however, the connection with the sheet is 
severed and the secretion passes into the 
blood or lymph vessels of the gland and is 
distributed in this way all over the body 
(p. 293). In the majority of endocrine 
glands, the original epithelial arrange- 
ment of the cells is completely lost. 

In mucous cells (p. 289), many enzyme- 
forming cells (salivary glands, pancreas, 
fundic glands) , and some of the endocrine 
glands there are morphological evidences 
of secretion. In many other glands, how- 
ever, visible indications of the formation 
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{ions; they are the most important func- 
tional part of the organ. The parts of the 
gland which serve merely for the elimina- 
tion of the secretion are called excretory 
ducts. Here the epithelium has a simple 
structure and often remains undiffer- 
entiated. In some cases, however, as in 
the salivary glands, certain stretches of 
the duct system are believed to be secre- 
tory. 

The free surface of the glandular cells 
is usually provided with terminal bars 
In many glands the secreting surface is in- 
creased by many extremely fine canals, 
the secretory capillaries, which arise from 
the lumen of the terminal portion and 
penetrate between the sides of the glandu- 
lar cells. They are often branched and 
end blindly before reaching the basement 
membrane. They have no wall of their 
own, but are formed by groovelikc exca- 
vations in adjoining cells (Fig..255). 

The secretory capillaries can be well 
demonstrated with the aid of the Golgi 
impregnation method, by whicli the lumen 
of the terminal portions and the secre- 
tory capillaries are stained black. Iron 
hematoxylin, which stains the terminal 
bars black, shows thal'these cement lines 
penetrate the secretory capillaries and 
give them a very characteristic aspect in 
longitudinal and in cross section (Fig. 
34). 

Exceptionally, glandular cells may con- 
tain an intracellular system of fine can- 
aliculi w’hich seem to drain the secretion 
Iparietal cells of the gastric glands, Fig. 
340). 

In the great majority of glands the epi- 
thelium lining the glandular cavities is 
separated by a haseinent meinbrane from 
the connective tissue with Its blood ves- 
sels. In certain cases, hou-e>er, the glan- 
dular epithelium is intimately penetrated 
!>\ networks of blood ^essel3 accompanied 
by connective tissue. 

A discussion of the formation and 
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elimination of secretion granules is found 
in Chapter XVI. 

Between the glandular cells and the basement 
membrane in the sweat and salivary glands are 



Fig. 2S4. Intra-epithebal gland from the pseudo* 
stratified ciliated epithelium of the laryngeal sur- 
face of the epigloiiis of a woman of seventy-two 
>ears. 534 x. Afier V. Patzelt, from Schaffer 




Fig. 255. Section of terminal portion of the 
mandibular gland of man; it contains clear 
mucous and darker albuminous cells. Between 
the latter, secretory'capillanes and systems of 
terminal bars, stained black with iron hema- 
toxylin. Bedraun after Zimmermann. 

spindle-shaped or branched cells with a fibrillar 
cytoplasm Tliey are called basket or myoepitht- 
hat cells; their supposed contractions are be- 
lieved to facilitate the emptying of the terminal 
portions. 
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in the human body in the p«eudo5rra{/fiecI or 
stratified columnar epitlielium of the nasal mu- 
cosa and the adjoining areas, of the caruncula 
lacrimalis, of the ductiili e/Terenfes and of tlie 
urethra. They are small accumulations of glan- 
dular (usually mucous) cells ivltliin the epithelial 
sheet i they have a small lumen ; they do not cause 
the basement membrane to project into ibe con* 
necibe tissue. 

The great bulk of those organs usuallv 
called “glands” is comiJosed of secretory 


underlying connective tissue (Fig. 253. 
c). The epithelium which lines the inner 
surface of the invaginaled area assumes a 
secretory character. In the simplest case 
the invagination is a Iiollotv sac whose 
cavity is called the glandular cavily. The 
glandular epithelium everyirhere remain* 
sharply separated from the surrounding 
connective tissue by the invaginated base- 
ment membrane. 



Fig. 253. Diagram of uni* and multicellular glaods: a. Granular, glandular cells are scattered singly 
among clear, common epithelial cells; b, glandular cells arranged in a continuous sheet — secretoo’ 
epithelial surface; c, simplest type of a multicellular gland: the area lined wtli glandular cells fonns 
a saclike invagination into the subjacent tissue; d, multicellular gland of greater complexity.' th® 
glandular spaces are lined partly «ilh glandular cells (terminal portions), partly with common 
epithelium (excretory ducts). 


cells and only to a minor extent of the 
supporting connective tissue with its con- 
tained vessels and nerves. 

Two factors can be distinguished in the 
development of the multicellular glands — 
an increase in the number of secreling 
cells and their progressive structural and 
functional differentiation. In the verte- 
brates an increase in the number of cells 
usually precedes the differentiation of spe- 
cial structures. 

All multicellular glands arise as in- 
vaginations of the epithelial sheet into the 


From this primitive form all the types 
of multicellular glands are derived. Ne^v 
centers of growth in the wall of the sac 
bring about secondary, then tertiary and 
further invaginations. Thus an increas- 
ingly complicated system of branching 
glandular cavities arises. 

The epithelial lining of the glandular 
cavities differentiates in two directions. 
The cells which elaborate the secretion are 
usually concentrated in a single layer in 
the blind ends of the glandular cavities. 
These are the secretory or terminal pof' 
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portion is a Ions coiled tubule whicli passes into 
a long excretory duct (Fig. 25G, 6). Tlie sweat 
glands belong to this category. In the large axil- 
lary sueat glands (of apocrine type), the coiled 
terminal portions branch. 

3. Simple Branched Tubular Glands. The tu- 
bule of the terminal portion is split forklike into 
tno or more brandies which are usually slightly 
coiled near their ends (Fig. 256, d). An excre- 
tory duct may be absent, as in the glands of the 
mucous membrane of ilie stomach or of the uterus, 
or there is a simple sboit excretory duct, as in 
some of the small glands of the oral cavity, the 
tongue, and the esophagus, and in some of the 
glands of Brunner (Fig. 256, c). 

4. If the terminal portion has the form of a 
spherical or elongated sac, the gland is called 
acinous of aheolar (Fig. 256, e). If only one 
acinus is present with one excretory duct, il is a 
simple acifious gland; this type does not occur 
in mammal**- H the acinus is subdivided by parti- 
tions into several smaller bodies (Fig. 236, /), or 
tf several acini are arranged along a duct (Fig. 
236, g) it is a simple branched acinous gland 
(sebaceous glands of the skin, glands of Meiliom 
in the eyelids). 

Com pound exocrine glands^ A com- 
pound gland consists of several or many 
units, called lobules^ each of which cor- 
responds to a simple gland. Thus, a small 
lobule of the mandibular gland corre- 
sponds to a small gland of the mucous 
membrane of the cheek. A compound 
gland consists, then, of a varying number 
of simple glands whose small excretory 
ducts join to form ducts of a higher order, 
which in turn combine with other ducts 
of the same caliber to form larger ducts 
of a still higher order, and so on. Tlie 
lobules of succeeding orders can be seen 
without a microscope. 

The compound exocrine glands are 
sometimes classified by the secretion they 
furnish. Thus mucous, alhumiiious. and 
mixed glands are distinguished. This, 
however, can be applied successfully only 
to the glands of the oral cavity. Some- 
times the outer form of the terminal por- 
tions may serve ns the distinguishing 
crUerion. T\ve drawbacks here are that it 
is \cr> dilTicull to determine the form. 


even by reconstructing models or by teas- 
ing, and tliat the different forms are all 
connected by transitions. 

1. In compound tubular glands the terminal 
Iiortions in the smallest lobules are more or 
less coiled, blindly ending, usually branching, 
cylindrical tubules (Fig. 257). To this category 
belong the pure mucous glands of the oral cav- 
ity, glands of the cardia, some of the glands of 
Brunner, the bulbo-urctbral and vestibular glands, 
the kidney. In some special cases, as in the 
testis, the coded terminal portions anastomose 
with one another and form loops. 

2. In the compound acinous or aheolar glands 
the terminal portions are supposed to have the 
form of oval or spherical sacs. However, as a 
rule, the form is that of irregularly branched 
tubules with numerous saccular outgrowths on 
the vvall and on the blind ends (Fig. 257). These 
glands. thcTeloie. should be designated as com- 
pound lubulo-acinous. To this group belongs the 
vast majority of the larger exocrine glands — the 
albuminous and mixed glands of the oral cavity 
and respiratory passages, and the pancreas. 

In some cases the excretory duets which lead 
from the lobes of a gland do not oil join into a 
single mam duct, but open independently on a 
restricted area of a free epithelial surface (lac- 
rimal, mammary, and prostatic glands). 

In all simple and compound glands the terminal 
portions and the excreiory ducts are arranged 
in all directions. Hence, KUtoIogical sections 
never show such simple diagrammatic relations 
as those in Fig. 257. They only show, as a rule, 
glandular cavities of irregularly rounded form 
which are lined by epitlielial cells resting on 
a basement membrane and are separated from 
one another by partitions of connective tissue con- 
taining blood vessels and nerves (Fig. 255) . The 
shape of the cavities, their connections with one 
another and with the free epithelial surface can 
only he elucidated through teasing the macerated 
tissue or v»ith the aid of plastic reconstruction. 

Endocrine Glands. In tbe section on 
the nervous tissue it was pointed out that 
widely separated organs and tissues are 
brought into coordinated movements and 
activities through the mediation of the 
central and autonomic nervous systems. 
However, influences arising in one organ 
may aflect other organs or even the whole 
body in another way, Tliis mechanism 
consists in the elaboration of particular 
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The interslUial tissue of the glands is 
loose connective tissue. In different glands 
its content of cells may varj’ greatly. Tlic 
blood capillaries usually form dense ncl- 
vorlcs on the outer surface of the base* 
menl membrane. Lymph capillaries arc 
usually found in great numbers in the in- 
terstitial tissue. Besides the vasomotor 
nerves, all glands probably possess spe- 
cific secretory nerves iivhich ordinarily 
form nctlikc plexuses on the outer surface 
of the basement membrane. Branches of 
the plexus penetrate the membrane and 
form, on its inner surface, another plexus. 
From the latter, very thin fibers arise 
which end freely between and on the sur- 
face of t!ie glandular cells. 


oval body with a narrow lumen it is an 
acinus. The terms “alveolus” and “acinus,” 
however, arc used as synonyms by many 
authors. The form of the terminal por- 
tion, bowever, if taken as the sole cri- 
terion, docs not give a satisfactory classi- 
fication. The general architecture and 
structure of the organ must also be taken 
into consideration. As mentioned above, 
glands are also classified as exocrine or 
endocrine, 

E.xocrinc Glands. In the exocrine 
glands the epithelium lining the glandular 
cavities is demarcated by a basement 
membrane from the connective tissue and 
the blood vessels. Simple and compound 
exocrine glonds can be distinguished. 


abode f 3 



Fig. 256. Diagrams of simple wocrine etjnils. a. Simple tubular; h, simple coiled tubular; c> d, simple 
branched tubular; e, simple aUeolus; i,g, simple branched acinous. The secretory portions are black. 


Classlftcaiion of liluUiccUular 
Glands. It is not possible (o give a satis- 
factory classification of the multicellular 
epithelial glands. Functional qualities foil 
as criteria because in most cases the chem- 
ical character of the secretion has not been 
determined. Of the morphological quali- 
ties, the outer form of the terminal por- 
tions or the size and form of their lumen 
are usually considered as important. 
Three types of terminal portions occur. 
If the glandular cells line the wall of a 
cylindrical, branched or nonbranched, 
blind cavity, it is a tubule (Fig. 256 al ; if 
they line a spherical or oval sac with a 
conspicuous free lumen, it is an alveolus 
(Fig. 256, e) ; and if they line a round or 


Simple exocrine glands. The sum of 
the glandular cavities forms one architec- 
tural unit or system. When an excretory 
duct is absent, the terminal portions open 
directly on the epithelial surface. If there 
is an excretory duct, it is not branched 
and the terminal portions all open directly 
into it. According to the form of the ter- 
minal portions, the following types are 
distinguished in man: simple tubular, 
simple coiled tubular, simple branched 
tubular, and simple acinous or alveolar. 

1. Simple Tubular Glands. There is no excre- 
tory duct and the terminal portion is a straight, 
blindly ending tubule; it opens directly on the 
epithelial surface ^Fig. 256, a). Such are the 

^nds tcr>'pts) of Lieherfcuhnan-lhe.inlcstme. 

2. Simple Coded ruiu/ar C/onds. Tlie terminal 
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found to exist between particular glands, comes separated from the epithelial sur- 
ha%e given rise to a host of theories and face and its cells form a compact mass 
speculations as to the role of these glands which is thoroughly penetrated by a dense 




Fig. 258 Diagrams of endocrine glands, a. Gland composed of irregular sacs (heavy black lines) 
surrounded by connective tissue and Wood vessels This type Includes the thyroid and ovao- b. In 
this type the epithelium (black) has no lumen and is penetrated by den«e networks of Wood vessels 
(while). To this group belong most of (lie endocrine glands: suprarenals, islands of Langerhans, para> 
thytoids, hypophysis, corpus lutcum, etc. 


in the bodily economy. Great advances 
in the knowledge of tlie specific functions 
of many of the endocrine glands have rc* 
suited from ph)siological and biochemi- 
cal investigations, and the patliology of 
certain diseases in man. 

The generally recognized glands of in- 
ternal secretion are the adrenal, hypopli- 
)sis, thyroid, parathyroid, islets of 
Langerhans in the pancreas and portions 
of the gonads. The thymus, pineal body 
and the paraganglia are included in this 
group, although the evidence for their 
endocrine nature is not clear. The endo- 
crine activities of the gonads, the islets of 
Langerhans and the gaslro-intestinal tract 
will be discussed in the chapters on the 
sex glands, pancreas, stomach and duo- 
denum. 

As these glands develop in the embryo, 
the connection with tlie surface epithelium 
is lost. In some cases the gland consists 
of sacs lined with epithelium and sur- 
rounded by connective tissue (thyroid. 
Fig. 25n, oi. In most ca«es, the mv'ngina- 
lion of the epithelium loses its lumen or 
is solid from the very beginning. It he- 



Fig. 2'»9. Diagram of a mixed exocrine and 
endocrine gland (li\cr), slio»ing secretory por- 
tion in black, blood vessels in white, secretory 
capillaries «lippled and excretory ducts with 
double contours. 

network of blood v’esscls and comieclivc 
tissue (Fig. 2.58. 6). As there are no ev- 
cretory ducts connected with these glan- 
dular cells, all substances eliminated by 
them enter the general circulation. 
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substances in a given tissue and tlicir 
transfer to the blood stream wliich carries 
them to other tissues and cells upon which 
they act. 

All organs give up to the blood or 
lymph chemical compounds which they 
have elaborated as a part of their rnctaho* 
lism; sometimes these arc peculiar to par* 
ticular glands or cells. Claude Bernard 
discovered that the liver .synthesizes gly- 
cogen from the glucose brought to it. 
stores this material, and then gives it up to 
the blood passing through it ns glucose. 
He called this an internal secretory func- 
tion of the Uver in contrast to the externa! 
secretion of the bile. Since then the idea of 
internal or endocrine secrerion has be- 
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only on the production of a specific prod- 
uct, but also on the specificity of cellular 
origin. However, with this definition it i« 
difficult to separate the macrophages, be- 
cause of the antibodies which they are 
supposed to elaborate, from the group of 
endocrine glands (p. 98). Relatively 
minute amounts of hormones produce 
marked cfTccts on tissues and organs. In 
certain glands the secretions are potent in 
dilutiojvs of one part in many millions. 
Several of the endocrine organs are indis- 
pensable for life. 

The secretions of the endocrine glands 
arc of two main types. In one group, such 
as tlic nervous lohc of the hypophysis and 
the medulla of the adrenal, exceedingly 



come limited by some to mean the elabora- 
tion of characteristic chemical compounds 
{hormones) which depress, activ’ale or 
maintain the function of particular cells 
or tissues or the Nvhole organism. Such 
authors prefer to speak of the metabolic 
rather than the endocrine functions of the 
liver, for instance. An opposed view is 
held by those who emphasize that most 
of the cells in the body give off to the 
hlood substances which affect distant 
organs and cells. It is perhaps best to des- 
ignate substances which may arise in 
many different cell types as parahormones 
and to reserve the term hormone for those 
substances which are formed in onlv one 
type of cell. This distinction is made not 


small amounts of secretion produce in- 
tensely dramatic but fleeting pharmaco- 
dynamic effects. Most of the other endo- 
crine glands elaborate materials which 
must be given in relatively large amounts, 
at least in experiments, over long periods 
of lime to be effective. It must be noted, 
however, that actions quite as specific, 
dramatic, and diversified as any so far 
described for the hormones are carried 
out in biological systems by distinctly dif- 
ferent classes of substances, as vitamins, 
the biologically rare metals, and most en- 
zymes. 

The striking effects caused by certain of 
the hormones, as well as the relationship* 
and interdependencies which have been 
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H^TOrnYSIS cerebri and in many adult mammals by a thin 

The hypophjsis is one of the most impor- cleft, a rudiment of the lumen of Rathke’s 
lant organs in the body. It measures about pouch. In adult man it becomes a rou’ 
1 cm. in length, 1 to 1.5 cm. in u'idth, of resides (Fig. 263). The portion an* 
and about 0.5 cm. in height; it usually terior to this cleft is called the pars rfisto-hs 
weighs about 0.5 gm., but becomes much and is capped by the small pars tuheraUs. 
larger in pregnant women. It is lodged Posterior to the cleft are the pars inter- 
in the sella turcica of the sphenoid bone, media and the pars nervosa. Tlius, the 
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Fig. 260. Median seciion through the bfpophjsis of a forty>fi<e-jear-oId man. 16 X- After Schaffer. 

t\here it is surrounded by the dura mater pars intermedia separates the pars distalis 
and is attached to the floor of the third (the anterior lobe proper) from the pars 
%eniricle by a thin stalk; it is in close nervosa. The relationships are shora in 
relationship nith the optic chiasma. Ac- Fig. 260. 

cording to IX'islocki, the subdural space Pars Dislalis. This part of the hy- 
does not extend around the body of the poph)5is is formed by groups and col- 
organ Tlie organ consists of tno main umns of epithelial cells supported in a 
parts, an anterior and a posterior, ulifch delicate reticular connective tissue. Be- 
are separated in >oung Iiuman indhiduals tween them arc dilated sinusoids lined by 
297 
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Mixed Exocrine and Endocrine 
Glands. The liver of the mammals be- 
longs to this group. This gland arises in 
the embryo as a compound tubular gland 
whose branching terminal portions anas- 
tomose with one another in the form of a 
net. In this condition the liver remains in 
the adult lower vertebrates. In adult mam- 
mals the tubular cell cords form a com- 
pact mass penetrated by blood vessels and 
by an elaborate system of secretory capil- 
laries whicl) continue into a system of 
excretory ducts (Fig. 259). The latter 
serve for the elimination of bile, the ex- 
ternal secretion, into the intestine. The 
blood vessels which partially surround 
each glandular liver cell receive its endo- 
crine secretions. 

In other mixed glands, as the testis and 
pancreas, the external and internal secre- 
tions are formed in separate types of cells. 
In the liver, however, only one kind of 
' epithelial cell is present. 
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and basophil types are usually distin- 
guished. This difTercnce in staining reac- 
tion is due to differences in the granules 
in the tu'o cell types. It is perijaps belief 
to call them alpha and beta cells, for the 
so-called acidophil cells also stain with 
basic dyes (see Fig. 261, in which the 
“acidophil” cells are stained with safra- 
nine, a basic dye). The alpha cells form 
about 37 per cent and the beta cells about 
11 per cent of the epithelium. The beta 
cells are usually slightly larger than the 
alpha cells. 


all the cell although some are vesicu- 
lar while others are smaller and contain 
heavier chromatin granules. The mito- 
chondria are usually rod-shaped or hla- 
mentous. There are two kinds of Golgi 
nets in the chromophils and the same two 
kinds in the chromophobes in guinea pigs. 
This is not the case in man. 

Most of the chromophobe cells, the so- 
called chief or principal or reserve cells, 
have relatively small amounts of cyto- 
plasm and are connected by transition 
forms with the chromophti cells. It is also 



Fjg. 262. Isolated specific cells of tlic pars nervo«a of tlie liypopliysis of an ox, stained differentially 
with Penfield's siber carbonate method Several of the processes (cells 5. 10 , 11 ) have terminal 
expansions. Cells 2 , 7 , 8 contain pigment granules. All of these cells are neuroglia cells specific for 
the pars nervosa About 700 X- After Bucy. 


The alpha granules are spherical, stain 
pink with eosin, and are larger than the 
beta granules, which stain with hemalox- 
ylin and usually fill the cell completely. Il 
is claimed that the granules tend to ac- 
cumulate most on the sides of the cells 
nearest tjie sinuses and that they contain 
the precursors of the secretion. In the 
rabbit and cat another type of acidophil 
cell has been described. Its granules stain 
red vvilh the azocannine of the Mallory- 
azan method, while the ordinary acidophil 
cells stain with the orange dye of this 
mixture. The nuclei ore about the same in 


possible that some of the chromophobe 
cells are chromophil cells which have lost 
their granules. The alpha cells are distrib- 
uted more or less regularly throughout the 
pars disialis while the chromophobe cells 
are more numerous near the stalk. 

Para Tiihcralis. TJie pars tuberaJis 
has not been studied very thoroughly in 
man, but in the cal and dog it is composed 
of columns of cells separated by sinuses 
so that in general it resembles the struc- 
ture of the pars disfalis. The cells of the 
pars tuberalis, however, do not contain 
granules, but may form irregular cavities 
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in the pars nervosa connected with thin 
nerve fibers. The origin, nature, and sig- 
nificance of these hyaline bodies are un- 
known. It is claimed that they persist 
after the potent hormones have been ex- 
tracted from the pars nervosa. The belief 
that these hormones are elaborated in the 
cells of the pars intermedia should be 
discarded, for in those animals in which 
there is a complete anatomical separation 
of the pars nervosa from the pars distalis 
and in which a pars intermedia is lacking 
(nhale, manatee, armadillo, chicken), the 
characteristic pressor, antidiurelic and 
oxytocic hormones have been extracted 
only from the pars nervosa. In these ani- 
mals, the melanophore-expanding hor- 
mone, intennedin^ which is usually 
ascribed to the pars intermedia, arises in 
the pars distalis. 

Basophil cells, smaller and less vacuo- 
lated than those of the pars distalis, can 
be found wth regularity in the human( 
pars nervosa; they increase in number 
^vith age. In \ery young children, branch-^ 
ing glands lined by a low columnar epith- 
elium have also been found in the pars 
nervosa. These seem to disappear with 
age. 

Pars Internieclia, This part of the 
gland is quite srpall in man and its limits 
are not sharply demarcated (Fig. 263). It 
consists of a few rows of basophil gran- 
ular cells which are usually slightly 
smaller than those of the pars distalis. In 
addition, nongranular cells are arranged 
in follicles >vhose lumen is filled with a 
hyaline material, much like the colloid of 
the thyroid gland in appearance but lack- 
ing the iodine of the latter. The basophil 
cells of the pars intermedia merge with 
tliose of the pars distalis and continue fop 
surprising distances into the pars nervosa 
in man (Rasmussen). 

Itlooil Vessels. The pars distalis and the pars 
ttilieralis ha\e a rich blood supply; the pars 
nersosa is less \ascular and the pars intertnedia 
>•1111 less so. Tile arterial supply is mainly from 


the inferior hypophyseal branches of the internal 
carotid and from the superior hypophyseal 
arteries arising from the internal carotid and the 
circle of Willis. The venous drainage is mainly 
into the cavernous sinus. According to Wislocki 
and King, the sinuses of the pars distalis, in addi- 
tion to their arterial blood, also receive venous 
drainage of the hypophyseal stem. These authors 
did not confirm the finding of Popa and Fielding 
of a poital system of veins passing up the 
hypophyseal stalk into the hypothalamus. 

Nerves. The pars distalis receives unmye 
linated fibers from the carotid plexus. These 
fibers end between the epithelial cells; their 
nature and function are unknown. A thick bundle 
of unmyelinated fibers which originate in the 
vicinity of the supraoptic nucleus above the 
optic chiasma descends' in the infundibular stalk 
to spread tlirougiiout the pars nervosa, and in 
smaller number in the pars intermedia also. 
These fibers have branched endings which may 
terminate in large end*bulbs among the specific 
elements of this part of the hypophysis. 

Ifislogenctic Remarks.^ The tissue of the 
hypophysis arises from two vvidely separated 
sources: one of these is an evaginalion of the 
ectoderm of the primitive buccal cavity dnd ex- 
tends as the pouch of Hathke toward the em- 
bryonic brain; this constitutes the pars buccalis, 
Kingsbury el al. maintain that this is not an 
active outgrowth and that the hypophyseal part 
of the ectoderm and infundibular part of the 
brain are originally close together and this rela- 
tion is retained. The most advanced part of this 
outgrowth comes m contact with a ventral evag- 
■nation of the diencephalon, tlie former becoming 
the pars intermedia, the latter, the pars nervosa 
The remnants of the pars buccalis divide into two 
lateral lobes (in embryos of 10.5 mm.) and a 
large anterior portion. The latter is transformed 
into the anterior or distal lobe of the definitive 
gland. In 45 mm. embryos, the two lateral lobes 
of the pars buccalis fuse at the midline to form 
the pars luberalis and begin to grow forward; 
this portion, later, grows backward, surrounds 
the infundibulum, and spreads for a short dis- 
tance under the tuber cinereum. The pars hue- 
calls in man normally becomes completely sepa- 
rated from the buccal ectoderm. The pars nervosa 
develops as a dov^-nwjrd outpouching of the floor 
of the diencephalon. Although in some animals, 
h is more or less completely surrounded by the 
pars buccalis, this is not the case in man. The 
pars nervosa remains connected, by a stalk of 
the infundibulum, with tlic floor of the third 
lenlrtcle; its cavity di’appears in man, but is 
retained in ilic cat- The following schema illus- 
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in Asliich a colloid malerial, unlike that of 
Ihe ihyroid gland, accumulates. These cav- 
ities arc not formed until after liirlU. Tije 
pars tuberalls also contains scattered nesi«* 
of squamous epithelial cells, perhaps rudi- 
ments of the buccal ectoderm. 

Pars iXervosa. As thi^ portion of the 
hypopbjsis arises from the floor of the 


cate proccs.ses (Fjg. 262). According to 
Gersh (1937), these polymorphous cdls 
when living contain large numbers of re- 
fractile granules and droplets; after fixa- 
tion in Maxiinou's liquid (Zcnkcr-formol- 
osmic) , they arc blackened with the osmic 
acid. In dehydrated rats these cells become 
larger. In animals delivei'ing young and 


* J 
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F»g. 263. Midporticin ot h)poiik>^>s ot ® toriy-five->ear-old iiunian in tneilian fcclion. D, Glandular 
cord nith dark basophil and pale ox»phil cells, fill, seslipe of liypophyseal caviiy; UL, pars nerro^a, 
VL, pars lU^talU wilb cliromojiliobe ceH». 2, cx-l wiili culIoi(l'liK.e cnnlenl; ZL, pars intermedia* 
ZV, e\len«ion of par«i inierineilM mto the nenous portion. 80 X- Alter Scliafler. 


third \eiitricle of the brain in earh enr- 
bryonic stages, it contains a caxity which 
is continuous with that of the ventricle. 
In man and many other mammals, the 
cavity becomes obliterated, although it 
persists in the adult cat. In man the pars 
nervosa (Fig. 260) is composed almost 
entirely ol fusiform and irregularly 
shaped cells tvhich are proxided with deli- 


in pigeons tvltiJe laying eggs, the celb be- 
come larger and more numerous. In addi- 
tion to these droplet-containing cells there 
seem to be undifferentiated precursors 
from wliich they develop. 

The cells of this portion of the gland 
are of ependymal origin; they are not 
modified nerve cells and never contain 
Nissl substance. Hyaline bodies are found 
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cle of the uterus and raises the blood 
sugar. These substances have not been 
demonstrated with certainty in tlie blood 
stream, perhaps because of their extreme 
potency and their consequent presence in 
.very high dilution. In any event, their role 
in the normal bodily economy is yet to 
be demonstrated. 

Injury to the supra-optic tract leads to 
a degeneration of the cells in the pars 
nervosa and to a condition simulating the 
disease called diabetes insipidus, in which 
there is extreme polydipsia and polyuria. 
The polyuria is thought by some to be 
due to interference with reabsorption of 
water by the tubules of the kidney. This 
condition may be alleviated temporarily 
and sometimes permanently by the admin- 
istration of extracts of the pars nervosa. 
Extracts from such degenerating glands 
show a decreased or even no content of 
the usually e.xtractible hormones of this 
gland (Ranson et al). The condition does 
not arise after complete hypophysectomy 
and can be alleviated by removal of the 
anterior lobe, perhaps affecting water bal- 
ance through the adrenal cortex. 

It seems that the only hormone pro- 
duced by the intermediate lobe is the 
melanophore-expanding principle. 

Many other interrelationships have 
been claimed for hj’pophyseal extracts 
and the other cndocrines. The purifica- 
tion of the various hormones of the hy- 
pophysis is clarifying much that has been 
obscure and contcoversial; it is also 
bringing new problems to light. 

nn’ROlD GLAND 

The thyroid gland is one of the roost 
important of the endocrine organs. It is 
situated in the anterior, middle portion of 
the neck, close to the trachea, and con- 
sists of two lateral portions or lobes 
united by a thin strip, the “isthmus.” 
Sometimes there is an irregular pjramidal 
lobe extending toward the thyroid carti- 
lage. 


The external connective tissue capsule 
of the gland continues into the surround- 
ing cervical fascia; it is connected by 
loose connective tissue with the dense con- 
nective tissue uhich adheres intimately 
to the organ. This separation of the cap- 
sule into two layers permits the organ to 
be removed relati\’ely easily. 

Parenchyma. The parenchyma con- 
sists of anastomosing plates which con- 
tain the thyroid follicles and are sepa- 
rated from one another by irregular 
masses of connective tissue (Fig. 264). 
The epithelium-lined, irregularly spheri- 
cal follicles are separated from one an- 
other by a reticular connective tissue 
which carries the blood, lymph, and nerve 
supply to them. Although the epithelium 
lining them may be exceedingly peduncu- 
lated in certain pathological conditions, 
the external form of the follicles is usually 
roughly spherical. Most of the evidence 
shows that ne<\^ follicles are not formed 
after puberty, and that the appearances 
described as buds are irregularly twisted 
follicles which have entered the plane of 
the section at more than one point (Fig. 
26f). 

Tlie lumen of the follicles is filled ^vilh 
a characteristic material, called colloid, 
containing large amounts of iodine (Fig. 
266). In the fresh state, this material is 
clear and viscid; when fixed it stains 
deeply with acid dyes (Fig. 271), al- 
though with certain stains it may show 
various grades of basophilia. Nucleopro- 
lein has not been demonstrated in the col- 
loid on examination with ultraviolet light. 
On the basis of the basophilia of the col- 
loid and removal of the basophilic sub- 
stance with ribonucleasc it is thought that 
nuclcoprolein is probably presenL Since 
the follicles with basophil colloid were 
found to contain less P®*- than those with 
^acidophil colloid, it has been suggested 
that the turnover and excretion of iodine 
takes place more readily in the follicles 
with the basophil colloid. A few desqua- 
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trates the origin of tlie various parts of ihe 
hypophysis: 


Pars buccalis 


^pars tuheralis 
pars distalis — anterior lohe 
pars intermedia^ 
pars nervosa 


‘^‘^1 posterior lobe 


Hi'slophysiologic Remarks. The an* 
lerior lobe secretes a hormone Avhich stim- 
ulates the growth of the body, especially 
of the skeleton. Certain tumors of the pars 
distalis cause gigantism in children due 
to an increase in length of the bones, 
while in adults, the bones become heavier 
and thicker and the condition is called 
acromegaly. 

When the hypophysis is removed from 
young animals, growth of the body ceases. 
If such animals are injected with the 
groicth-promoting hormone of the pars 
distalis growth proceeds again; this hor- 
mone is probably elaborated by the alpha 
cells. Simultaneous administration of thy- 
roid extract augments the action of the 
growth hormone, but simultaneous admin- 
istration of the pituitary adrenocorlico- 
trophic hormone inhibits its action. Other 
hormones have been separated from the 
pars distalis. The two gonadotrophic hor- 
mones produce profound effects on the 
gonads: the follicle-stimulating hormone 
stimulates spermatogenesis and an in- 
crease in number and size of the ovarian 
follicles, while the luteinizing hormone 
causes luteinization of those follicles 
and stimulates the interstitial cells of 
the testis. Much of the work with these 
gonadotrophic hormones has been done 
with rats; other species are not affected 
in exactly the same way by these extracts. 
The injection of large amounts of sex hor- 
mones depresses the formation of gonado- 
trophic hormones, while castration causes 
their storage in the hypophysis. There is 
much evidence that the beta cells form 
the follicle-stimulating hormone. Dawson 
has correlated the carminophil cells in the 
cat (Friedgood and Dawson) with the 
lactogenic hormone. 


The thyrotrophic hormone stimulates 
ihe growth and secretion of the thyroid 
epithelium. In hypophyseclomized ani- 
mals the thyroid gland becomes atrophic. 
Injection of the adrenocorticotrophic hor- 
mone causes hypertrophy of the glomer- 
ular and fascicular zones of the adre- 
nal cortex, and an increase in the lipid 
content of their cells, while hypophysec- 
lomy is followed by atrophy of the adre- 
nal cortex. The ovarian hormones ap- 
parently stimulate the formation of a 
mammogenic duct hormone in the hy- 
pophysis. The lactogenic hormone initiates 
lactation after the mammary gland has 
hypertrophied. Hypophysectomy abolishes 
lactation. There are evidences of the pars 
distalis' offecling protein, fat, and carbo- 
hydrate metabolism. Hypophysectomy 
and injuries to the tuber cinereum coun- 
teract the hyperglycemia of pancreatic 
diabetes in dogs. 

The anterior lobe becomes much larger 
during pregnancy, due mainly to an in- 
crease in the number of chromophobe cells. 
After castration the beta cells increase in 
number and become vacuolated while the 
alpha cells become much less numerous. 
An increase in the number of beta cells 
has been described in the woodchuck 
after hibernation. The administration of 
thyroid substance, of anterior lobe ex- 
tracts and of epinephrine is said to in- 
crease the number of alpha cells, while 
iodides are believed to reduce the number 
of both alpha and beta cells. Removal of 
the thyroid gland causes an increase in 
the number of chromophobe cells and a 
decrease in the number of alpha cells. In 
cultures of the hypophysis, the alpha cells 
degenerate quickly while the chromo- 
phobe cells live longer. 

Extracts of the pars nervosa have 
marked pharmacodynamic actions. From 
these extracts two fractions have been iso- 
lated: pitressin, which raises blood pres- 
sure and is markedly antidiuretic, and 
pitocin, which contracts the smooth mus- 
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cle of the uterus and raises the blood 
sugar. These substances have not been 
demonstrated with certainty in the blood 
stream, perhaps because of their extreme 
potency and their consequent presence in 
-very high dilution. In any event, their role 
in the normal bodily economy is yet to 
be demonstrated. 

Injury to the supra*optic tract leads to 
a degeneration of the cells in the pars 
nervosa and to a condition simulating the 
disease called diabetes insipidus, in which 
there is extreme polydipsia and polyuria. 
The polyuria is thought by some to be 
due to interference with reabsorption of 
water by the tubules of the kidney. This 
condition may be alleviated temporarily 
and sometimes permanently by the admin* 
istration of extracts of the pars nervosa. 
Extracts from such degenerating glands 
show a decreased or even no content of 
the usually extractible hormones of this 
gland (Ranson et at). The condition does 
not arise after complete hypophysectomy 
and can be alleviated by removal of the 
anterior lobe, perhaps affecting water bal- 
ance through the adrenal cortex. 

It seems that the only hormone pro- 
duced by the intermediate lobe is the 
melanophore-expanding principle. 

Many other interrelationships have 
been claimed for hypophyseal extracts 
and the other cndocrines. The purifica- 
tion of the various hormones of the hy- 
pophysis is clarifying much that has been 
obscure and controversial; it is also 
bringing new problems to light, 

THYROID GLAND 

The thyroid gland is one of the most 
important of the endocrine organs. It is 
situated in the anterior, middle portion of 
the neck, close to the trachea, and con- 
sists of two lateral portions or lobes 
united by a thin strip, the “isthmus.” 
Sometimes there is an irregular pyramidal 
lobe extending toward the thyroid carti- 
lage. 


The external connective tissue capsule 
of the gland continues into the surround- 
ing cervical fascia; it is connected by 
loose connective tissue with the dense con- 
nective tissue which adheres intimately 
to the organ. This separation of the cap- 
sule into ttvo layers permits the organ to 
be removed relatively easily. 

Parenchyma. The parenchyma con- 
sists of anastomosing plates which con- 
tain the thyroid follicles and are sepa- 
rated from one another by irregular 
masses of connective tissue (Fig. 264). 
The epithelium-lined, irregularly spheri- 
cal follicles ate separated from one an- 
other by a reticular connective tissue 
which carries the blood, lymph, and nerve 
supply to them. Although the epithelium 
lining ihem may be exceedingly peduncu- 
lated in certain pathological conditions, 
the external form of the follicles is usually 
roughly spherical. Most of the evidence 
shows that new follicles are not formed 
after puberty, and that the appearances 
described as buds are irregularly twisted 
follicles which have entered the plane of 
the section at more than one point (Fig. 
264). 

Tlie lumen of the follicles is filled with 
a characteristic material, called colloid, 
containing large amounts of iodine (Fig. 
266). In the fresh state, this material is 
clear and viscid; when fixed it stains 
deeply with acid dyes (Fig. 271), al- 
though with certain stains it may show 
various grades of basophilia. Nucleopro- 
tein has not been demonstrated in the col- 
loid on examination with ultraviolet lighL 
On the basis of the basophilia of the col- 
loid and removal of the basophilic sub- 
stance with ribonuclcase it is thought that 
nucicoprotcin is probably present. Since 
the follicles with basophil colloid were 
found to contain less than those with 
,acidopbil colloid, it has been suggested 
that the turnover and excretion of iodine 
takes place more readily in the follicles 
with the basophil colloid. A few desqua- 
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mated cells may be found in it, nnd in 
sections it is frequently separated from 
the epithelium surrounding the lumen by 
large and small vacuoles. This appearance 
is usually a' fixation artefact for the vac* 
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uhen the gland is underaclive and xery 
tall and folded when the organ is over- 
active. There are manj' cases, however, in 
which the condition of the epithelium 


Holes are rarely present in normal living 
follicles and are absent after fixation by 
the AUmann - Gersh freezing * drying 
method. 



Fig. 2&1. Normal liuman thyroid. The shape 
n( the parench}matous regions varies from a 
triangular or quadrangular area to that of a 
cube or almost perfect sphere. About 5 X. After 
R:enhoff. 

Follicular Epilltelium. The follicles 
of the normal human thyroid arc lined by 
a low cuboidal epithelium. As there is no 
basement membrane, the cells rest on the 
interfollicular, reticular connective tissue, 
and thus are in close contact with its net- 
work of blood and lymphatic capillaries 
and nerves (Fig. 265). The epithelium of 
the gland shows great variations in size 
and arrangement, which depend on age 
sex, season of the year and diet, as well 
as on certain pathologic processes involv- 
ing the gland. In general, it is believed 
that* the epithelium becomes very low 


docs not reflect the activity of the gland 
so that a determination of the degree of. 
functional activity of the organ cannot be 
made with certainty on the basis of a bis- 
lologic examination alone. 

Tlie follicles of the thyroid gland are 
lined by a single type of cjulhelial’ccll. 
The so-called colloid cells (described by 
LangendorJT) are in all probability dead 
or d> ing cells, such as have been described 
in many kinds of epithelial membranes. 
In the cells of the thyroid gland, inclu- 
sions, presumably of secretory nature, of 
the follotvjjig sorts have been described; 
(3) Round droplets of colloid first de- 
scribed by Langentlorfl; (2i clear vac- 
uoles with no recognizable organic con- 
tent — described by Anderson and con- 
necte<l by Kim with the vacuoles seen in 
the colloid within the follicles, * (5) the 
basal, dilute colloid of Bensley (Fig. 251. 
i); (4) minute granules, stainable in the 
living cell with neutral red (described by 
Chlcnbulh). The role of these several 
structures in the secretory history of the 
thyroid gland cell is still under discus- 
sion. 

It has been claimed that the basophilia 
of the follicular epithelium with the eosin- 
methylene blue stain is an indicator of 
the presence of rlbose-nucleoprotein. 

The mitochondria in the epithelium of 
the normal human thyroid are usually 
short, thin, and rod-shaped (Fig. 265). 
Most of them are located between tlie 
nucleus and the lumen of the follicle. The 
Golgi net usually is toward the lumen. 
The claim that the occurrence of the net 
between the nucleus and the basal (proxi- 
mal) part of the cell is an indication of 
secretion toward the blood vwsels, has 
not been substantiated. 

A centrosome is located in the distal 
portion of the cell body near the lumen. 
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Dividing cells are rare. The epithelium 
contains fine terminal bars. 

Interfollicular Cells. Large and small 
groups ol interfollicular epithelial cells 
uillioul a distinct lumen have been de- 
scribed repeatedly in the thyroid gland 
and were considered to be fetal rests. 
Some of them at least are merely tan- 
gentially cut portions of follicular walls. 
The migration of argyrophil “parafollicu- 
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lions of parathyroid may be found in- 
cluded in the thyroid gland. 

Blooci Vessels. Tlie tliyroid gland lias an un- 
usually rich blood supply, even for an endo- 
crine organ. It is nourished by llie superior 
thyroid arteries (branches of the external car- 
otids) and the inferior thyroid arteries (arising 
from the suhclavians). These vessels ramify over 
iVte surfaces of the gland and then penetrate its 
substance; they run in the connective tissue par- 
titions between the bands of thyroid parenchyma 



Fig. 265. Section through several follicles of a human tliyToid. mil. Mitochondria; fat, small fat 
droplets; Rbc, red blood corpuscles. Aniline-add fuchsin Courtesy of R. R. Bensley. 


lar” cells from the follicles into the con- 
nective tissue between the follicles lias 
been described in the dog and rabbit. 

A few lymphocytes and macrophages 
are normally present in the interfollicular 
connective tissue. In certain pathologic 
conditions, lymphatic tissue, both diffuse 
and in nodules, may develop in the stroma 
of the thyroid. Occasionally small bits of 
thymic tissue and, more frefiuently, por- 


and send smaller branches to form a dense basket- 
work over the surface of each follicle (Fig. 265). 
The blood from lhc«e networks is collected into 
veins which also run in the interfollicular con- 
nective tissue. The veins of the thyroid gland 
are the superior and middle thyroid veins, usually 
emptying Into the internal jugular vein, and the 
inferior thyroid veins which communicate wiili 
the left innominate vein. 

Lxmphatics. The tliyroid gland i» richly sup- 
plieil with lymphatic vcs-^els. Tiiese ari«e in the 
interfollicular connective ti«siie, whence they con- 
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tinuc into larger trunks, forming a dense plexus 
bencatli tbe capsule. These usually drain into the 
low cervical ^mpfi nodes, hut in certain animals 
they are described as cmpt)ing directly into the 
thoracic or riglit lymphatic ducts before they 
enter the jugular or subclavian veins, Thyro- 
globulin has been found in the eiferent lymphatics. 

Nerves. Tlie thyroid gland receives postgang* 
liotiic fibers from the supetioc and twiddle cctHi- 
cal ganglia. These sympaiiielic nerves enter the 
gland witii the blood vessels, in whose adventitia 
they form numerous plexuses. Many of the fibers 
from these plexu«es are of purely vasomotor 
nature; others end in networks and in simple 
terminals about the epithelium of the follicles* 
The secretory nature of tlicse fibers has not been 


derm, cranial to that of the trachea. The foramen 
cecum at the base of the tongue of t)ie adult is the 
point from which the diverticulum arose in the 
embryo. In man tliere does not seem to be a con- 
tribution to tiic thyroid from the fourth branchial 
poucli. 

At first the primordium is a hollow tube which 
grows caudally and thickens at its end. The 
cotwvtcUow \\vt towsut and the tbyrolA 

gland usually disappears (embryos of 4 to 7 mm.) , 
hut sometimes it persists, cither as the thyro- 
glossal duct or as an irregular mass of thyroid 
tissue, usually eccentrically located, which is 
colled the pyramidal lobe. The primordium then 
becomes a solid mass of epithelium, which later 
splits inld ramifying plates and cords of epilhe- 



Fig. 2fi6. Low power photomicrograph of autoradiograph of thyroid gland of rat previously 
injected with The blackened areas represent sites of deposition of tbe radioactive material. 
There is great variability in the content of the isotope in the several follicles. In a few places the 
epithelium is blackened. Courtesy of C. P. Leblond, D. Findlay and S. Cross. 


proved. The thyroid gland also receives a few 
fibers from the superior and recurrent laryngeal 
nerves. The intraglandular course and the nature 
of these fibers are unknown. 

negcncraiion. The thyroid gland regenerates 
rapidly after surgical reduction if iodine is with- 
held from tlie diet, but will not regenerate jf 
desiccated thyroid substance is administered. 
The gland may be transplanted readily into the 
same animal, particularly if it is suffering with 
a thyroid deficiency. Pure cultures of embryonic 
chick thyroid epithelium have been kept alive 
for some months. 

Histogenesis. In man the primordium of the 
thyroid gland arises very early (embryos of 1.57 
mm.) as a medial ventral outgrowth of the ento- 


Ilum. Hollows arise within these cords; these 
arc the primary follicles and are always empty- 
They later fuse with one another and are invaded 
by mesenchyme. The walls of these hollows are 
two cells thick. Tlien the follicles of the mature 
organ arise by the repeated constriction of these 
plates into roughly spherical structures, in which 
a cavity lined by a single layer of epithelial cells 
develops; these definitive follicles are surrounded 
by mesenchyme (embryos of 24 mm). Colloid 
may be pre'sent before birth, hut does not become 
an important constituent of the follicles unti 
after birth. In the fetal pig (gestation period 
114 days) inorganic iodine is first found at 46 to 
50 days, di-iodot>Tosine at 52 days and coIJoi 
and more di-iodoiyrosine at 60 days With t e 
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aid of it has been found that tlie storage 
of iodine begins in the rat embr) o at 18 to 19 days, 
at which time follicles with lumens appear. 

Ilistopliysiologic Remarks. The thy- 
roid gland is characterized by Us high 
content of iodine. The extractable hor- 
mone of the thyroid gland is called iodo- 
thyroglobulin; from it thyroxine has been 
isolated. Thyroxine has most of the phar- 
macologic properties of iodothyroglobulin 
and is a derivative of di-iodotyrosine. 
Whether the thyroid gland elaborates other 
substances is unhnown. 

The details of secretion in the thyroid 
gland are still obscure, although some ad- 
vances toward the solution of this prob- 
lem ha\e been made in recent years. 
Studies of the gland in the living animal 
and after fixation by the freezing-drying 
method and examination with ultraviolet 
light of wave lengths specific for thyro- 
globulin all indicate that secretion is nor- 
mally toward the lumen of the follicle 
from which the colloid is later reabsorbed. 
When the gland is greatly stimulated the 
secretion is chiefly toward the blood 
stream. It has been shown \nlh the aid of 
I'^*' that this element is rapidly concen- 
trated in the thyroid gland and that all of 
the follicles are not in the same stale of 
activity at a given time (see Fig. 266). 

A proteolytic enzyme of the cathepsin 
type has been found in the colloid of the 
follicles. It is responsible for the hydrol- 
ysis of the protein which makes its re- 
absorption possible. Hyaluronidase (the 
spreading factor) is also present; U 
affects the viscosity of the colloid and 
varies in activity with the stale of the 
gland. The viscosity of the colloid dimin* 
i«hes after injection of the thyrotrophic 
hypophyseal hormone and after feeding 
potassium iodide. 

Perhaps the most striking effect of the 
thyroid «ccrction is its control over the 
mclaholic fate of the entire hody. \Wien 
a deficiency of this secretion is present. 


the metabolic rate is below normal, and 
when it is overaclive an increase in this 
rale takes place. Disturbances in thyroid 
activity are manifested by tn'o spontane- 
ous conditions in man; these are known 
as simple goiter and myxedema. Effects 
similar to myxedema are brought about 
by the extirpation of the gland. The sim- 
ple goiter is characterized by the develop- 
ment of a large thyroid gland in which 
the follicles contain much colloid and are 
usually lined by flattened epithelium; to 
some extent it may be prevented by pro- 
viding the organism with a sufficient in- 
take of iodine in the food. The basal 
metabolic rate is unchanged in simple 
goiter and there are no symptoms of thy- 
roid deficiency. The symptoms of myxe- 
dema. whiclj occur congenitally (cretin- 
ism) and in adults, may be removed 
through the timely administration of the 
dried substance of the thyroid gland. 

In exophthalmic goiter the thyroid 
gland is markedly overactive. When such 
a gland is examined microscopically, the 
follicular lumens are found to contain 
lillle or no colloid and the epithelium is 
usually quite tall and redundant, so that 
numerous folds extend into the lumens. 
The alleviation of the symptoms in this 
condition, including the increased basal 
metabolic rate, may be accomplished tem- 
porarily by the administration of iodine. 
Thiouracil and other thio-compounds slop 
the production of thyroid hormone, al- 
though the epithelium may be markedly 
hyperplastic. These drugs do not affect the 
utilization of thyroid hormone by the 
body. The primary seat of exophthalmic 
goiter may possibly be in the pars distalis 
of the h)pophysis, although the condition 
is often cured by removal of a great part 
of the thyroid. Tlie administration of the 
lh>rolrophic hormone of the pars distalis 
of the hypophysis to guinea pigs produces 
temporarily many of the symptoms of 
exophthalmic goiter, including the exoph- 
lhalmus. In these animals the thyroid 
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shows a marked hyperplasia and loss of 
colloid. 

Tile thyroid secretion affects other en- 
docrine glands. Its removal produces 
hypertrophy of the pars distalis of the 
hypophysis, with disappearance of the 
eosinophil granules. It also affects the 
gonads, although the evidence for this is 
conflicting. The gland hypertrophies dur- 
ing menstruation and pregnancy. Thy- 
roidectomy hastens involution of the thy- 
mus; the latter becomes hypertrophied in 
exophthalmic goiter. Feeding thyroid ex- 


mm. by 3 to 4 mm. by 1.5 to 2 mm. One 
of (hem is located on the posterolateral 
and another on the inner surface of each 
of the two lateral lobes of the thyroid 
gland; they are usually in the connective 
tissue capsule of this gland and only 
rarely embedded in it. In addition, aber- 
rant parathyroids occur not infrequently 
in the thyroid or thymus, or in the con- 
nective tissue between them. In all normal 
cases, the tissue of the parathyroids is 
separated by a connective tissue capsule 
from the contiguous tissues (Fig. 267). 



tract to thyroidectomized rabbits de- 
creases the hypoglycemia resulting from 
insulin. Thyroglobulin is believed to stim- 
ulate the chromaffin system. The thyroid 
gland becomes markedly hypoplastic in 
rats suffering from a deficiency of vita- 
min E. 

the parathyroid glands 

In man there are usually four or five 
parathyroid glands, small, yellow-brown, 
oval bodies intimately connected with the 
posterior surface of the thyroid gland. In 
the adult, each body on the average 
weighs 0.035 gm. and measures 6 to 7 


The parathyroid glands are composed 
of densely packed groups of cells, some- 
times arranged in cords. Between the cells 
is a framework of reticular fibers and a 
richly anastomosing network of sinusoidal 
capillaries. Two main types of epithelial 
cells have been described in it: principal 
cells and oxyphil cells (Fig. 268). The 
most important of these are probably the 
principal cells. Their pale clear cytoplasm 
practically never contains granules; these 
cells have a relatively large vesicular nu- 
cleus. It is said that these are the only 
cells found in human parathyroids until 
about the age of ten years. lu some cases 
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the principal cells form a continuous mass 
uhile in other cases they form trabeculae 
separated by sinuses. Occasionally they 
may give rise to acini with a colloidal ma- 
terial in their lumen. 

The oxyphil cells are somewhat larger 
than the principal cells and their granular 
cytoplasm stains intensely with acid dyes; 
they resemble somewhat the acidophil 
cells of the hypophysis. The nucleus is 
small and deeply staining. The oxyphil 
cells, too, may form continuous masses. 


consequently no fixed cellular polarity 
has been determined. Glycogen and neu- 
tral fat are normally present. Small is- 
lands of adipose tissue may accumulate 
in the stroma, particularly with advancing 
age. 

After extirpation of the thyroid gland 
as well as with advancing age, colloid 
may accumulate in what seem to be fol- 
licles of parathyroid tissue. This is prob- 
ably an indication of a degenerative proc- 
ess; the older idea that this showed a re- 



Fig 268, Section of a human parathyroid gland. BielscIiowsky-Mjllory-azan stains. 540 X- B*) 


anastomosing columns, or even acini with 
colloid. The latter formation is very rare. 

Another type of cell, intermediate between the 
above tuo types, has been described. It has a 
fine granular cytoplasm which stains faintly with 
acid d)cs and a nucleus which is smaller and 
slams darher than that of the clear principal 
cells. Transitions between these cell t}pes. and 
the presence of still other cell types have also 
been described. The cjtology of the normal gland 
should be studied further. 

The evidence indicates that the princi- 
pal cells are the essential elements of the 
gland. Both they and the oxyphil cells 
contain mitochondria. Tlic Golgi net oc- 
cupies a variable position in tlie cell and 
11 


lalionship to the thyroid gland has been 
shown to be incorrect. 

Vessels null Nerves. The parathyroids re- 
ceive an abundant blood supply from branches 
of the superior and inferior thyroid arteries. 
Tliese vessels enter at the hilus and break up 
into many branches which run in the septa and 
form dense networks about the epithelial cells. 
The sinus-like capillaries are surrounded by a 
dense network of reticular fibers which directly 
touch the epithelial cells. There is no basement 
membrane. The main vein leaves the hilus and 
empties into nearby veins of the thyroid gland, 
trachea, or esophagus. A continuous network of 
dilated veins has beetv described beneath the 
capsule in the herbivora and man. 

A few unmyelinated nerves from the cervical 



310 


TEXTBOOK OF HISTOLOGY 


sympalhetic enter the plane! with the artery. Tliey 
are probably all vasomotor nerves. 

Rcpcncration. The parathyrouis have but in* 
significant poivers of regeneration. The glands 
“lake” readily in autotransplants. 

Histogenesis. The parathyroid glands develop 
from thickenings of the third and fourth branchial 
pouches on each side. The primordium on the 
third arch is close to the bud of the thymus. 
This mode of origin is a probable explanation 
of the frequent occurrence of aberrant para- 
thyroid bodies in or near the tliymus. 

Ilistopliysiologic Remarks. That the 
cells of the parathyroid glands elobo- 
rale a hormone tvhich is potent is 
knouTi from clinical and experimental 
evidence. Extirpation of the glands is fol- 
lowed by hypoparathyroidism, character- 
ized by a decrease in the concentration of 
calcium in the plasma, and tetany. Tlie 
symptoms may be alleviated by adminis- 
tration of calcium, or of an extract of 
parathyroid glands. A condition of c/»ron* 
ic latent tetany, with low plasma calcium 
but without symptoms, may be produced 
experimentally in dogs. 

Tumor, or hyperplasia of the parathy- 
roids may lead to hyperparathyroidism, 
associated with high plasma calcium, ex- 
tensive bone changes {osteitis fbrosa, 
see p. 152) and pathological calcihcaiion 
in soft tissues. Similar effects may be pro- 
duced in susceptible animals by the ad- 
ministration of toxic doses of parathyroid 
extract. When rats are injected with a 
large dose of parathyroid extract, the cells 
of the parathyroid glands shrink and the 
Golgi apparatus becomes smaller and 
compact (suggestive of hypofunction). 
After two weeks the cells have returned to 
normal size and the Golgi net has become 
large and irregular — indicative of the 
normal secretory activity of these cells. 
Other cylological evidences of secretion 
have been described by S. H. Bensley. 

The parathyroid glands become large 
in rickets through increase in size and 
especially in number of their cells. The 
hypertrophy is greater in low calcium 


than in low phosphate rickets. The Golgi 
net la described as undergoing changes 
which indicate great secretory activity in 
the cells as compared with resting cells 
(DcRobcrlis). Hypertrophy b also ob- 
served in nephritis with uremia, and has 
resulted from the experimcnlal production 
of renal insufilciency. It is probably a re- 
sponse to a lowered calcium ion concen- 
tration in the plasma resulting from phos- 
phate retention. A similar but extreme 
byperlropliy witli hyperfunclion occurs 
in young individuals following long-con- 
tinued renal insufficiency and is associated 
with extensive bone changes {renal 
rickets; renal osteitis fibrosa) similar to 
those of primary hyperparathyroidism. 

The function of the parathyroid glands 
is closely linked w’ith the behavior of cal- 
cium in the organism. The maintenance of 
a physiologically constant concentration 
of calcium ions in the blood plasma ap- 
pears to be accomplished by regulation, 
by the parathyroid liormone, of the move- 
ment of calcium from bone to blood. The 
mechanism of the influence of the para- 
thyroids upon decalcification is but poorly 
understood. 

There is some evidence that a hormone 
of the pars distalis of the hypophysis 
affects parathyroid secretion. 

THE ADRENAL GLANDS 

The paired adrenal or suprarenal 
glands of man are roughly triangular, 
flattened bodies, one at the cranial pole of 
each kidney. The glands together average 
about 10 to 12 gm. in the healthy adult, 
and measure approximately 5 by 3 by less 
than 1 cm. An indentation on the anterior 
surface, the hilus, emits the suprarenal 
vein. 

The surface made by* cutting through 
the gland presents a bright yellow cortex 
in its outer part and a reddish broivn zone 
which abuts against the thin gray medulla. 

Cortex. The cells of the cortex are dis- 
posed in three vaguely defined layers : an 
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outer zona glomerulosa, a middle zona 
fascicuiata, and an inner zona reticularis. 
The cortical cells in these zones differ 
somewhat in arrangement and structure. 


ovoid groups, or in arcs which surmount 
the straight cell cords of the zona fascicu- 
iata. Tlie free edge of each cell in most 
cases adjoins a capillary. The nuclei stain 



Fig. 269. Section of an adrenal gland of a man. 
Mallory -aian slain. About 105 X- 


Rp. 270, Section of an adrenal gland of a six 
months* infant. Mallory-azan stain. About 105 X. 


Tlie transition from one zone to another 
is \cry gradual. 

The narrow zona glomerulosa (Fig. 
269) just inside the capsule, consuls of 
small columnar cells closely packed in 


deeply and the rather scanty cytoplasm 
contains irregular clumps of material that 
tahe nuclear stains, in man. There may be 
a few tiny lipoid droplets in tlie glomeru* 
losa cells, particularly if the t>hole cortex 
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sympathetic enter the gland with the artery. They 
are probably all vasomotor nerves. 

Regeneration. The parathyroids have hut in- 
significant powers of regeneration. The glands 
“tahe” readily in autotransplants. 

Ilisiogcncsis. The parathyroid glands develop 
from thickenings of the third and fourth Lrancliial 
pouches on each side. The primordium on the 
third arch is close to the hud of the thymus. 
This mode of origin is a probable explanation 
of the frequent occurrence of aberrant para- 
thyroid bodies in or near the thymus. 

Ilistopliyeiologic Rcmnrks. That the 
cells of the parathyroid glands elabo- 
rate a hormone Avhicli is potent is 
known from clinical and experimental 
evidence. Extirpation of the glands is fol- 
loAved by hypoparathyroidism, character- 
ized by a decrease in the concentration of 
calcium in the plasma, and tetany. The 
symptoms may be alleviated by adminis- 
tration of calcium, or of an extract of 
parathyroid glands. A condition of c/iron- 
ic latent tetany, with lotv plasma calcium 
hut without symptoms, may be produced 
experimentally in dogs. 

Tumor, or hyperplasia of the parathy- 
roids may lead to hyperparathyroidism, 
associated with high plasma calcium, ex- 
tensive bone changes {osteitis fibrosa, 
sec p. 152) and pathological calcification 
in soft tissues. Similar effects may be pro- 
duced in susceptible animals by the ad- 
ministration of toxic doses of parathyroid 
extract. When rats are injected with a 
large dose of parathyroid extract, the cells 
of the parathyroid glands shrink and the 
Golgi apparatus becomes smaller and 
compact (suggestive of hypofunction). 
After two weeks the cells have relumed to 
normal size and the Golgi net has become 
large and irregular — indicative of the 
normal secretory activity of these cells. 
Other cytological evidences of secretion 
have been described by S. H. Bensley. 

The parathyroid glands become large 
in rickets through increase in size and 
especially in number of their cells. The 
hypertrophy is greater in low calcium 


ihoii in low phosphate rickets. The Golgi 
net is described as undergoing changes 
which indicate great secretory activity in 
the cells as compared with resting cells 
(Dellobcrlis). Hypertrophy is also ob- 
served in nephritis with uremia, and has 
resulted from the experimental production 
of renal insufiiciency. It is probably a re- 
sponse to a lowered calcium ion concen- 
tration in the plasma resulting from phos- 
phate retention. A similar but extreme 
hj'pertrophy with hyperfunction occurs 
in young individuals following long-con- 
tinued renal insufFidency and is associated 
with extensive bone changes {renal 
rickets; renal osteitis fibrosa) similar to 
those of primary hyperparathyroidism. 

The function of the parathyroid glands 
is closely linked w’ith the behavior of cal- 
cium in the organism. The maintenance of 
a physiologically constant concentration 
of calcium ions in the blood plasma ap- 
pears to be accomplished by regulation, 
by the parathyroid hormone, of the move- 
ment of calcium from bone to blood The 
mechanism of the influence of the para- 
thyroids upon decalcification is but poorly 
understood. 

There is some evidence that a hormone 
of the pars distalis of the hypophysis 
affects parathyroid secretion. 

THE ADRENAL GLANDS 

The paired adrenal or suprarenal 
glands of man are roughly triangular, 
flattened bodies, one at the cranial pole of 
each kidney. The glands together average 
about 10 to 12 gm. in the healthy adult, 
and measure approximately 5 by 3 by less 
than 1 cm. An indentation on the anterior 
surface, the hilus, emits the suprarenal 
vein. 

The surface made by' cutting through 
the gland presents a bright yellow cortex 
in its outer part and a reddish brown zone 
which abuts against the thin gray medulla. 

Cortex. The cells of the cortex are dis- 
posed in three vaguely defined layers: an 
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row threads between the numerous lipoid 
droplets scattered throughout the cell; 
when the lipoid is dissolved the cell has a 
vacuolated cytoplasm. 

With appropriate technic the lipoid 
droplets are seen to be small and numer- 
ous in some cells, larger and fewer in 
others, but of about equal size in any 
given cell. 

The nuclei are centrally placed in the 
cells, and often there are two in one cell. 
They are more vesicular than in the zona 
glomerulosa. In the outer part, especially 
in the transition region between the two 
zones, mitotic figures are frequent (see 
below). 

In the innermost zone of the cortex, cell 
cords form anastomosing networks, hence 
the name zona reticularis (Fig. 269) . The 
cells of the outer part of this zone differ 
little from the cells of the zona fasciculala 
except for a decreased lipoid content, but 
near the medulla they gradually merge 
into two new distinct cell types. These 
have been called “dark” and “light” cells 
due to their different staining alTinities. 

The light cells are larger and have 
rounded contours, a granular, pale-stain- 
ing cytoplasm and pale vesicular nuclei. 
The dark cells are smaller and have a 
deeply staining homogeneous cytoplasm, 
and shrunken, hyperchromatic nuclei. The 
dark cells are rich in lipoid droplets and 
in clumps of yellow or brownish pigment, 
while the light cells contain little of either 
lipoid or pigment. There are also in the 
zona reticularis a number of cells which 
appear to be degenerating. 

IMcduIIa. The boundary between zona 
reticularis and medulla is usually irregu- 
lar in the adult, since long columns of 
(orlical cells project into the medulla. The 
irregular cells of the medulla arc arranged 
in rounded groups or short cords sur- 
rounded by the sinusoidal \ entiles. \^Tien 
the ti'Mie is fixed in a fluid containing 
potas-ium dicliromatc very fine brown 
praiiuleH arc seen throughout the cells; if 


chromic acid is employed the cytoplasm 
stains diffusely brown. This is the “chro- 
maffin” reaction; some believe it is due 
to oxidation and polymerization of the 
epinephrine, which is elaborated by the 
medulla. The epinephrine in the medulla 
also gives a green color \\’ith ferric chlo- 
ride. 

In addition to the chromafiin cells there 
are frequent, single or grouped, sym- 
pathetic ganglion cells in the medulla, 
whose axons end around the chromaffin 
cells. The medulla also contains collec- 
tions of small round cells with deeply 
staining nuclei and very little cytoplasm. 
Although similar small round cells, the 
sympalhochromaffin cells, in the fetal ad- 
renal are the forerunners of the sym- 
pathetic and medullary cells, the small 
round cells in the adult are probably 
lymphocj les. 

Mitochondria are present in all the cells of the 
adrenal. In the zona glomerulosa they are fre- 
quently long threads, and are found at both 
ends of the columnar cells. In the zona fascicu- 
lala they are round granules. In the light cells 
of the zona reticularis the mitochondria are very 
small granules and rods restricted to an area 
close to the nucleus; in the dark cells they are 
large and irregular in shape. In the medulla the) 
arc small spherical granules scattered through- 
out the cell 

The Colgi net has been described in the cells 
of the zona glomerulosa and the medulla of the 
guinea pig, hedgehog, and Lat. In lliem it is 
usually betneen the nucleus and the nearest 
capillary. 

Blood Vessels nnd Ner>c9. Tlie arteries to 
the adrenal gland are usually three in number: 
the superior suprarenal artery from the inferior 
phrenic branch of the aorta, the middle direct 
from the aorta, and the inferior from the renal 
artery. The smallest arteriolar Iiranclies in the 
capsule empty into the capillaries of the cortex, 
thnugli some of the larger arterioles may pierce 
the cortex and go directly to the medulla. 

The capsule, a thick la)er of <Ien«e connective 
tissue, contains the arteries, a nene plexus an<l 
some collections of sjmpathelic ganglion cell*, 
and sends fine networks of reticular fibers into 
the cortex along with the capillaries. The fairly 
straight capilljTics, which traverse the cortex 
radially from the capsule, empt) into irregularly 
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Fig. 271. Sections of human thyroid gland in exophthalmic goiter (A) and colloid goiter (B) from 
preparations of R. R. Bensley. Note the diiTerences in the height of the epithelium and the amount 
and depth of staining of the colloid in the two conditions. Hematoxylin and eosin. A and B 570 X. 

C, D, E are sections of the adrenal gland of a man. C is from the zona glomerulosa; D, zona 
fasciculata, showing narrow columns of cells separated by collapsed blood sinuses; E, corlico- 
medullary junction. The medullaty portion to the left contains a large sympathetic ganglion cell 
with much Nissl substance and several greenisb-biown-stained chromaffin cells. The cells of the 
zona reticularis (to the right) are markedly vacuolated. Hematoxylin-eosin-azure II. C, D, and E. 
730 X. 

is imustially rich in lipoid; when present, stitutes the tvidest portion of the cortex, 

the droplets lie between the nucleus and and consists of polyhedral cells consider- 

the side of the cell facing the capillary. ably larger than those of the zona glomer* 

The zona fasciculata (Fig. 269) con- ulosa. The cytoplasm is reduced to nar- 
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very minute quantities and is rapidly de- 
stroyed in the blood stream. Since it is 
secreted in greater amounts during nerv- 
ous eNcitation, one view is that it makes 
the body more efficient for necessary re- 
sponses (emergency theory!. Another 
view is that it is only an excretory prod- 
uct of protein metabolism, since it is prob- 
ably destroyed before it reaches the ar- 
terial blood stream (excretory theory). 
The medulla is not essential to life. 

Cortex, When both adrenals are experi- 
mentally removed, the animal dies, owing 
to loss of the cortical substance. The de- 
struction of all or a large part of the cortex 
in man (commonly by tuberculosis) leads 
to the fatal Addison’s disea«e. In experi- 
mental animals a fraction of the cortex, 
when left intact, suffices for the mainte- 
nance of life. Completely adrcnaleclom- 
ired animals and patients with Addison’s 
disease exhibit, among other symptoms, 
increased lo®s of sodium and of water in 
the urine, a fall in the concentration of 
sodium in the plasma, and a rise in plasma 
potassium. The plasma glucose falls, and 
the glycogen of the muscles and the liver 
is reduced in amount. These symptoms can 
be alleviated, and life prolonged, often in- 
definitely, by administration of an extract 
of the Cortex. An increased intake of so- 
dium and of water, together with a reduc- 
tion in the intake of potassium, also has 
a beneficial effect. 

Twenty or more crystalline steroid com- 
pounds hav e been isolated from the adrenal 
cortex. Wbile these are intimately con- 
cerned with the functions of the cortex, no 
one of them exhibits all of the physiolog- 
ical cfTccls of a crude extract; it is there- 
fore not correct to designate any one, to 
tile exclusion of others, as the adrenal 
cortical hormone. Of the known steroids, 
for example, corlicosleronc has a pro- 
nounced effect on carbohydrate mclabo- 
livni while ilcsorycorticosteroric exerts its 
effects chiefly on the inctaholism of water 
and efcclrolvtcs. Others of tlie steroids 


have estrogenic or androgenic (adrenos- 
terone) or progestational activity. There 
is some evidence that the carbohydrate- 
regulating principles are secreted by the 
fasciculata and that the salt-regulating prin- 
ciples arc formed in the glonierulosa. 

It has been claimed that the adreno- 
corticotrophic hormone of the anterior 
pituitary (q.v.) causes tlie liberation of 
liormonal substances from the cortex, 
w hich produce a disintegration of lympho- 
cytes with a resulting lymphopenia and 
atrophy of lymphatic tissue, and an in- 
crease of beta and gamma globulin of the 
serum. However, Lawrence and coworkers 
have not found a similar effect of the 
adrenal cortex on lymphocytes in cats. 
Tlie extensive atrophy of lymphatic tissue 
which results from the action of a variety 
of noxious agents (part of the “alarm re- 
action” of Selye) is believed by some to 
be due to the liberation of adrenal cortical 
hormone; it does not occur if the adrenal 
cortex is removed. 

The lipoid droplets of the cortex are 
complex mixtures of cholesterol eaters, 
fatly acids (mainly oleic) and phospho- 
lipins. The quantity of sterols increases 
when the amount in the blood increases, 
as in pregnancy. The sterols in the cortex 
disappear rapidly in acute infectious dis- 
eases, but do not decrease during starva- 
tion, although nearly all the fat disappears 
from the body. The amount of choles- 
terol diminishes after excessive muscular 
activity. Opinions differ as to the exact 
correlation of tlie amount of lipoid in and 
the secretory activity of the cortex. How- 
ever, the disappearance of the droplets i« 
usually interjiretcd as an indication of 
hyperactivity in experimental conditions. 

Tlic pigment in the zona reticularis is 
present only after puberty and increases 
in amount with age. It is similar to the 
“liimchrome” pigment found in cardiac 
muscle and nerve cells in old age. 

TIic cortex h.ns important interrelation- 
ships with other endocrine organs, espc- 
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anastomosing, sinusoidal blood spaces in the aona 
reticularis and tnedulla. These vessels drain into 
the central veins which unite and emerge as a 
single vein. The tight suprarenal vein empties 
into the inferior vena cava, the left into Jiie Wl 
renal vein. 

The central vein and its larger tributaries 
are lined by endothelium. They po?«ess abundant 
smooth muscle fibers arranged mainly in ion)<i- 
tudinal bundles. These bundles may make rugo«e 
projections into tlie lumen of the vein. 

Tile lining cells of the sinusoids in the cortex 
are littoral cells of the macrophage system, much 
like tho'ic lining the sinusoids of the liver (see 
Fig. 368). They store lithium carmine and in 
heavily stained animals their number is greatly 
intreased. Between these lining cells and the 
parenchimatous cells is a dense network of 
reticufar fibrils. 

Except those about the large veinn, lymphatic 
capillaries have not been demonstrated in the 
substance of liie gland. 

Tlie 20 to 30 nerves to each gland come mainly 
from the celiac 8)mpathetic plexus, in part from 
the greater splanchnic nerves, and possilily also 
from the vagus nertes. The numerous nerve fibers 
end mainly in clawliKe terminations around tndh 
vtdual cells of the medulla; a few fibers end in 
relation to cell groups of the cortex, cspeclaliy 
in tlie zona reticularis, but these do not encircle 
single cells. 

Histogenesis. Tiie cortex develops from the 
celomic mesoderm on the medial side of the 
Wolffian ridge, and the medulla from the ecto- 
dermal tissue from wUkU tJie /npatbetre gang- 
lion cells also arise. In the fishes t)>ese two tissues 
remain separated as different organs; in the 
amphibians, reptiles, and birds the chromaffin 
cells are scattered through the mesodermal tis- 
sues; they become aggregated into a definite 
medulla only in mammals. 

In a six weeks’ embryo tJie corticai primorJiam 
consists of a rounded bud of cells anterior to the 
kidney; then strands of sympalhochromaffin cells 
grow vcnlrally and penetrate the cortical bud on 
its medial side. At tliis stage they begin to evhihjt 
the chromaffin reacfion, and {lie cortical cells may 
already contain fine droplets of Upoid*. 

Tlie cortex in a three months’ fetus, except for 
a narrow outer zone of small cells with deeply 
staining nuclei, consists almost entirely of reticu- 
lated chains of large granular cells lying between 
capillaries. The outer zone, from which will lie de- 
rived the definitive cortex, becomes progressively 
wider and gradually forms the characleristtc 
straight cell cords The inner, or boundary zone 
begins to involute soon after birth and n largely 


B«ne after the first few weeks. The remainder 
of'lbe cortex contracts upon the medulla (Fig. 
270). Accordingly, for some time the infant’s 
adrenal is smaller liian at birlii. Too rapid involu- 
iJon of tJic boundarj' zone may had to fats} 
hemorrhage into the adrenals. 

T!ie tltrec definitive cortical zones are differenti- 
ated by the end of the third year of childhood, 
the zona reticularis liaving developed during the 
third year. The adrenal is as large as the kidney 
in an eight weeks’ embryo, one third as large as 
the kidney at birth, and one thirtieth as large 
in the adult. 

HcffCHcralion. The cells of the cortex appear 
(o be degenerating and dying continually in the 
zona teiicuinris, Tlie debris is removed mainly 
!»)• the macropltages which are always present. 
The dark and light cells arc probably senc'cent 
ccHs which ore destined to degenerate soon. 
Some writers have suggested. that the dark and 
light cells express different stages in a secretory 
cycle, hut the evidence for this is inconclusive. 
The cells l<wt in this degeneratiie process are 
replaced through mitotic proliferation of the 
cells in the outer zone of the zona fasciculata. 
There are several reports that the adrenal cortex 
may regenerate from the cells of the capsule. This 
rei|uires further invesilgalion. The newly formed 
cells gradually move inward toward the medulla. 

These parallel processes of cell destruction and 
proliferation are accelerated by acute infectious 
di'-ease, toxins in the blood stream, prolonged 
narcosis, etc. The cortical cells are particular/l 
su'ceptihle to injury. From animal experimenta- 
tion it is found that repair is always effected 
withm two or three weeks if the damage has 
not been severe enough to lead to 'car formation 
or eventually to death. Tlie medullary ceils do 
not seem to change much, except for the presence 
of colloid vacuoles containing a protein (Russell s 
bodies), 

Hislopliysiologic Rcmarlvs. ^fedulfa. 
The medulla of the gland elaborates epi- 
nephrine. The depth and amount of the 
chromafiin staining are roughly propor- 
tional to the amount of epinephrine in the 
gland. The chromafiin reaction is abol- 
bhed by anesthetics, morphine, etc. 

Injections of epinephrine cause arteri- 
oles to contract and stimulate sympathetic 
nerve endings, raise blood pressure, etc. 
But it is quite probable that epinephrine 
never has physiologic functions similar to 
its pharmacologic actions. It is secreted in 
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\ery minute quantities and is rapidly de- 
stroyed in the blood stream. Since it is 
secreted in greater amounts during nerv- 
ous excitation, one ^ie^v is that it makes 
the body more efficient for necessary re- 
sponses (emergency theory). Another 
%ieu- is that it is only an excretory prod- 
uct of protein metabolism, since it is prob- 
ably destrojed before it reaches the ar- 
terial blood stream fe>xcretory theory). 
The medulla is not essential to life. 

Cortex. Wlien both adrenals are experi- 
mentally remo\ed, the animal dies, oning 
to loss of the cortical substance. The de- 
struction of all or a large part of the cortex 
in man (commonly by tuberculosis) leads 
to the fatal Addison’s disease. In experi- 
mental animals a fraction of the cortex, 
nhen left intact, suffices for the mainte- 
nance of life. Completely adrcnalectom- 
ired animals and patients with Addison’s 
disease exhibit, among other sjmptoms, 
increased loss of sodium and of naier in 
the urine, a fall in the concentration of 
sodium in the plasma, and a rise in plasma 
potassium. The plasma glucose falls, and 
the glj cogen of the muscles and the lii'cr 
is reduced in amount. These symptoms can 
be alleiiated, and life prolonged, often in- 
definitely, by administration of an extract 
of the cortex. An increased intake of so- 
dium and of uater. together with a reduc- 
tion in the intake of potassium, also has 
a beneficial eflect. 

Twenty or more crystalline steroid com- 
pounds ha\ e been isolated from the adrenal 
cortex. ^ITiile these are intimately con- 
cerned with the functions of the cortex, no 
one of them exhibits all of the physiolog- 
ical effects of a crude extract; it is there- 
fore not correct to designate any one, to 
the exclusion of others, as the adrenal 
cortical hormone. Of the known steroids, 
for example, corfico5fero//e has a pro- 
nounced effect on carbohydrate metabo- 
lism while desox) corticosterone exerts its 
effects chiefly on the metabolism of water 
and electrolytes. Others of the steroids 


ha%e estrogenic or androgenic {adrenos- 
leronc) or progestational activity. Tliere 
is some evidence that the carbohydrate- 
regulating principles are secreted by the 
fasciculata and that thesalt-regulaling prin- 
ciples are formed in the glomerulosa. 

It has been claimed that the adreno- 
corticotrophic hormone of the anterior 
pituitary (q.v.) causes the liberation of 
hormonal substances from the cortex, 
which produce a disintegration of lympho- 
cytes with a resulting lymphopenia and 
atrophy of lymphatic tissue, and an in- 
crease of beta and gamma globulin of the 
serum. Howeicr, Lawrence and coworkers 
have not found a similar effect of the 
adrenal cortex on lymphocytes in cats. 
Tlie extensive atrophy of lymphatic tissue 
which results from the action of a variety 
of noxious agents (part of the “alarm re- 
action” of Sclye) is believed by some to 
be due to tlie liberation of adrenal cortical 
hormone; it does not occur if the adrenal 
cortex is removed. 

The lipoid droplets of the corte.x are 
comple.x mixtures of cholesterol esters, 
fatty acids (mainly oleic) and phospho- 
lipins. The quantity of sterols increases 
wlien the amount in the blood increases, 
as in pregnancy. The sterols in the cortex 
disappear rapidly in acute infectious dis- 
eases, but do not decrease during starva- 
tion, although nearly all the fat disappears 
from the body. The amount of choles- 
terol diminishes after excessive muscular 
acthity. Opinions differ as to the exact 
correlation of the amount of lipoid in and 
the secretory activity of the cortex. How’- 
ever, the disappearance of the droplets is 
usually interpreted as an indication of 
hyperactivity in experimental conditions. 

Tlie pigment in the zona reticularis is 
present only after puberty and increases 
in amount with age. It is similar to the 
“lipochrome” pigment found in cardiac 
muscle and nerve cells in old age. 

Tlie cortex has important interrelation- 
ships with other endocrine organs, espe- 
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anastomosing, sinusoidal blood spaces m the zona 
reticularis and medulla. These vessels drain into 
the central veins which unite and emerge as a 
single vein. The right suprarenal vein empties 
into the inferior vena cava, the left into the left 
renal >ein. 

The central vein and its larger trihutaries 
are lined hy endothelium. They possess abundant 
smooth muscle fibers arranged mainly in longi- 
tudinal bundles. These bundles may mahe rugose 
projections into the lumen of the vein. 

The lining cells of the sinusoids in the cortex 
are littoral cells of the macrophage .system, much 
like those lining the sinusoids of the liver (see 
Fig. 368). They store lithium carmine and in 
heavily stained animats their number is greatly 
increased. Between these lining celts and the 
parenchymatous cells is a dense network of 
reticular fibrils. 

Except those about the large veins, lymphatic 
capillaries' have not been demonstrated in the 
substance of the gland. 

The 20 to 30 nerves to each gland come mainly 
from the celiac sympathetic plexus, In part from 
the greater splanchnic nerves, and possibly also 
from the vagus nerves. The numerous nerve fibers 
end mainly in clawlike terminations around indi- 
vidual cells of the medulla; a few fibers end In 
relation to cell groups of the cortex, especially 
in the zona reticularis, but these do not encircle 
single cells. 

Illsfogrcncsis. Tlie cortex develops from the 
celomic mesoderm on the medial side of the 
wolEBan ridge, and the medulla from the ecto- 
dermal tissue from wbicli llie sympalhelJc gang- 
lion cells also arise. In the fishes these two tissues 
remain separated as different organs; in the 
amphibians, reptiles, and birds the chromaffin 
cells are scattered through the mesodermal tis- 
sues; they become aggregated into a definite 
medulla only in mammals. 

In a SIX weeks’ embryo the cortical primordium 
consists of a rounded bud of cells anterior to the 
kidney; then strands of sympathochromaffin cells 
grow ventrally and penetrate the cortical bud on 
its medial side. At this stage they begin to exhibit 
the chromaffin reaction, and the cortical cells may 
already contain fine droplets of lipoids. 

The cortex in a three months’ fetus, except for 
a narrow outer vone of small cells with deeply 
staining nuclei, consists almost entirely of reticu- 
lated chains of large granular cells lying between 
capillaries The outer zone, from which will be de- 
rived the definitive cortex, becomes progres^vely 
wider and gradually forms the chaiactcnslie 
straight cell cords. The inner, or boundary zone 
begins to involute soon after birth and is largely 


gone after tlie first few weeks. Tlie remainder 
of the cortex contracts upon the medulla (Fjg. 
270). Accordingly, for some time the infant's 
adrenal is smaller tlian at birth. Too rapid involu- 
tion of the boundary zone may lead to fatal 
Iiemorriiage into the adrenals. 

The three definitive cortical zones are differenti- 
ated by tlie end of the third year of childhood, 
the zona reticularis liaving developed during the 
third year. The adrenal is as large as the kidney 
in an eight weeks' embryo, one third as large as 
the kidney at birth, and one thirtieth as large 
in the adult. 

Regcneratioii, The cells of the cortex appear 
to be degenerating and dying continually in the 
zona reticularis. The debris is removed mainly 
hy the macrophages which are always present. 
The dark and light cells are probably senescent 
cells wliich are destined to degenerate soon. 
Some writers have suggested. that the dark and 
light cells express different stages in a secretory 
cycle, but tlie evidence for this is inconclusive. 
The cells lost in this degenerative process are 
replaced through mitotic proliferation of the 
cells in the outer zone of the zona fasciculata. 
There are several reports that the adrenal cortex 
m.ny regenerate from the cells of the capsule. This 
rctiuires further investigation. The newly formed 
cells gradually move inward toward the medulla. 

These parallel processes of cell destruction and 
proliferation are accelerated by acute infectious 
disease, toxins in the blood stream, prolonged 
narcosis, etc. The cortical cells are particularly 
susceptible to injury. From animal experimenta- 
tion It IS found that repair is always effected 
within two or three vveeks i! the damage has 
not been severe enough to lead to scar formation 
or eventually to death. Tlie medullary cells do 
not seem to change much, except for the presence 
of colloid vacuoles containing a protein (Russell s 
bodies) , 

IKslophysiologfc Remarks. Medulla- 
The medulla of the gland elaborates epi- 
nephrine. The depth and amount of the 
chromaffin staining are roughly propor- 
tional to the amount of epinephrine in the 
gland. The chromaffin reaction is abol* 
ished by ane&thetics, morphine, etc. 

Injections of epinephrine cause arteri- 
oles to contract and stimulate sympathetic 
nerve endings, raise blood pressure, etc. 
But it is guile probable that epinephrine 
never has physiologic functions similar to 
its pharmacologic actions. It is secreted in 
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chance to regenerate in those individuals 
ivho died as a result of severe infec- 
tions. At birth the thymus weighs 12 to 15 
gm. This increases to about 30 to 40 gm. 


are closely Joined by connective tissue, 
but are not actually fused. Each of these 
lobes is divided into a number of macro- 
scopic lobules varying from 0.5 to 2 mm. 



Fig. 272. Human tIi)iRuses at various ages shoeing age and accidental involution; a, From a 
newborn, weight of gland 15 gm ; b, from a seven-year-old boy, weight of gland 35 gm ; c, from a 
seventeen-) ear-old boy, weight of gland 352 gm , showing beginning age involution; d, from a seven- 
leen->ear-old boy, weight of gland 8.8 gm., high grade accidental involution; the dark parenchyma 
IS surrounded by fat and connective tissue; e, from a sevenieen-year-old boy, weight of gland 1.65 gm , 
very extensive accidental involution. Redrawn and slightly modified after Hammar (1906). 


at puberty, afler which it begins to de- 
crease in weight so that at sixty years it 
weighs only 10 to 15 gm. 

The thymus consists of two main lobes, 
one on each side of the median line, which 


in diameter. The lobules are separated 
from one another by the interlobular con- 
nective tissue and are divided into a 
darfcly staining, peripheral cortical area 
and an inner, lighter staining, medul- 
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cially ihe sex glands and the thyroid. Tlie 
cortex hypertrophies during pregnancy. 
Sexual precocity in children and virilism 
in girls are frequently associated with 
overgrowth or hypertrophy of parts of the 
cortex. Animals with comparatively large 
testes have large adrenals. In rabbits the 
adrenal glands hypertrophy, sometimes to 
two or three times the normal size, after 
removal of the thyroid. The cortex of the 
adrenal hypertrophies after the action of 
those toxins which cause rapid atrophy of 
the thymus. The presence of both cortex 
and medulla seems necessary for thymic 
involution. The atrophic cortex which re- 
sults from hypophyseclomy regenerates 
after the injection of the adrenocortico- 
tropliic hormone of the pars distah's. Re- 
moval of the adrenal interrupts lactation. 
In such animals salt in the diet and small 
amounts of cortical extract maintain lac- 
tation, Removal of the adrenal also stops 
the estrus cycle in rats. Cortical extract 
causes a return of the cycle. In Addison's 
disease there is a marked decrease in the 
number of basophils of the pars distalis. 
Adrenotrophin causes a retardation of 
chondro- and osteogenesis in the epiphy- 
ses of long bones of rats and regression of 
pituitary basophils. The cortex, especially 
the zona fasciculala, contains large 
amounts of ascorbic acid (vitamin C). 

THE PARAGANGLIA (CHROBUFFIN 
SYSTEM) 

Under this term are grouped several 
widely scattered accumulations of celb 
which seem to have much in common with 
the medullary cells of the adrenal glands. 
These paraganglia include widespread, 
small accumulations of cells in the retro- 
peritoneum — the organs of Zuckerkandl, 
and collections of similar cells in the kid- 
ney, ovary, liver, testis, and heart. Most, 
but not all, authors believe they arise from 
sympathogonia and all contain chromaffin 
cells. The chromaffin cells are clear in the 
fresh condition or after most fixatives, but 


stain positively with chromic and osraic 
acids and contain iron. These cells are 
usually arranged in more or less definite 
cords and have a rich blood supply. 

It lias not been proved that these para- 
ganglia have an endocrine function. The 
assumption that they elaborate epineph- 
rine, just like the chfomaffin cells of the 
medulla of the adrenal, has not been 
established. Some authors include the 
medullary' cells of the adrenal in this 
group and speak of them all as the chro- 
maffin system. The advisability of this 
must be questioned until it has been 
shown that all of the chromaffin organs 
have the same interna! secretion. 

TIic Cnrolid, Aorlic and Cocc^seaf Bodies. 
Tliese structures are often erroneously included 
with the endocrine glands. The carotid and aortic 
bodies arc described on page 252 and the coc- 
cygeal body on page 246. 

THYMUS 

In man the thymus is an unpaired gland 
situated in the anterior mediastinum, in 
close connection with the pericardium and 
the great veins at the base of the heart. 
The thymus presents extreme variations 
in its structure which depend on the age 
and condition of the organism as a whole. 
Its function is not known and has been 
the subject of much speculation and ex- 
perimentation. The organ is closely re- 
lated to lymphatic tissue. 

In relation to body weight, the thymus 
is largest during embryonic life and in 
childhood up to the period of puberty. 
After this it begins to involute — a process 
which proceeds gradually and continu- 
ously throughout life under normal con- 
ditions. This change in its structure is 
spoken of as age involution. During the 
course of infectious and cachectic dis- 
eases, the normal slow involution may be 
greatly accelerated. This is called acci- 
dental involution and explains many of 
the contradictory reports on th’e size of the 
thymus, since the organ did not have a 
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chance to regenerate in those individuals 
rsho died as a result of severe infec- 
tions. At birth the thymus ueighs 12 to 15 
gm. This increases to about 30 to 40 gm. 


are closely joined by connective tissue, 
but are not actually fused. Each of these 
lobes is divided into a number of macro- 
scopic lobules varying from 0.5 to 2 mm. 



Fifr. 272. Human th) muses at various ages showing age and accidental involution: a. From a 
newborn, weight of gland 15 gm ; 6, from a seven-year-old boy, weight of gland 35 gm.; c, from a 
se\enteen-)ear-old boy, weight of gland 35.2 gm., showing beginning age involution; d, from a seven- 
leen->ear-old boy, weight of gland 8 8 gm., high-grade accidental involution; the dark parenchyma 
js surrounded by fat and connective tissue; e, from a seventeen-^eai-old boy, weight of gland 1.65 gm , 
very extensive accidental involution. Redrawn and slightly modified after Hammar (1906). 


at puberty, after which it begins to de- 
crease in weight so that at sixty jears it 
weighs only 10 to 15 gm. 

The thymus consists of two main lobes, 
one on each side of the median line, which 


in diameter. The lobules are separated 
fiom one another by the interlobular con- 
nective tissue and are divided into a 
darkly staining, peripheral cortical area 
and an inner, lighter staining, medul- 
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lary portion (Fig. 272) . With the study of 
serial sections one can trace a continuity 
of tlie medullary tissue from one lobule 
to another; that is, the medulla consists 
of a central stalk from ^vhich arise projec- 
tions of medullary tissue; these are almost 
completely surrounded by a zone of cor- 
tical tissue. 

Cortex. The cortical substance consists 
of densely packed masses of small cells, 
morphologically identical with the small 
lymphocytes; there are also cells identical 
with medium-sized and large lymphocytes. 
Some authors, however, deny the lympho- 
cytic nature of these cells and call them 
thymocytes, for reasons that are discussed 
below. They have an average diameter of 
6 fi, exceedingly small amounts of cyto- 
plasm, a dark nucleus which consists of 5 
to 6 heavy chromatin particles and a dis- 
tinct nucleolus. Scattered between these 
small cells are elongated reticular cells 
with pale, round or oval nuclei. In most 
cases their nuclear membrane is smooth; 
the nucleus contains a few small chro- 
matin particles and one or two nucleoli. 
It is diOicult to follow the outlines of the 
cytoplasm of these cells, particularly when 
the surrounding lymphocytes are closely 
packed about them. As one proceeds from 
the cortex toward the medulla most of the 
lymphocytes disappear rather abruptly 
although there is no sharp line of demar- 
cation between the two zones. 

Medulla. The medulla consists predom- 
inantly of reticular cells similar to those 
of the cortex. As lymphocytes are much 
less numerous here, the outlines of the 
reticular cells can be traced more easily 
and they are seen to form a network wtli 
its meshes filled with lymphocytes. The 
medulla also contains the bodies of Has- 
sall which are characteristic of the thymus 
(Fig. 273, /f). They are rounded acido- 
phil structures which vary from 30 to 
over 100 fi in diameter. They are com- 
posed of concentrically arranged cells, 
many of which show evidences of degen- 


eration and hyalinization. Reticular cells 
are connected at one or more places with 
the periphery of each Hassall’s body. The 
cells of the central part of a Hassall’s 
body may degenerate completely so that 
small cysts may develop in the center. In 
other cases calcium may be deposited in 
them. 

The medulla of the thymus is more vas- 
cular than the cortex, and surrounding 
each vessel are a few flat connective tis- 
sue cells. In addition to the lymphocytes, 
eosinophil myelocytes and plasma cells 
occur not infrequently. Very exception- 
ally, the thymus may contain lymphatic 
nodules (Jolly and Tannenberg). 

Stroma. Most of the reticular cells of 
the thymus are of enlodermal origin, al- 
though there are a few mesenchymal retic- 
ular cells about the blood vessels. Most of 
the reticular fibers are concentrated about 
the blood vessels and great masses of epi- 
thelial cells do not contain any of these 
fibers. Further study of the fiber content 
of the organ, particularly during involu- 
tion, is necessary. 

In the embryo the epithelial nature of 
many of the reticular cells is quite obvi- 
ous (Fig. 275), but as the organ becomes 
more and more heavily infiltrated with 
IjTnpliocyles, these epithelial cells become 
flattened and it is difficult to distinguish 
them from the nuclei of connective tissue 
reticular cells. A peculiarity of the thymic 
cellular reticulum is the fact that in vitally 
stained animals these cells in the thymus 
do not take up any of the dyestuff, while 
in certain of the diseases of malnutrition 
in infants, these reticular cells store large 
quantities of iron and fat, and in lipoid 
histiocytosis (Niemann-Pick disease) they 
become swollen with lipoid droplets. In 
experimental accidental involution the 
epithelial cells become loaded with dead 
lymphocytes. 

The epithelial nature of the reticular 
cells becomes quite prominent when the 
lymphocytes have been destroyed by .r-ray 
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and the epilhelium begins to develop. It prevented from migrating into tliem by 
becomes even more prominent in trans- mechan/ca} means. Further, the trans- 
plants and tissue cultures of iJic thymus formation of tlie small thymocytes into 
(Fig. 274), Certain tumors of clearly plasma cells and eosinophil myelocytes is 
epithelial nature arise in this gland. In generally admitted. The mitochondria 
ad.dition to the epithelial reticulum, there liavc the same appearance in both types of 
are macrophages and perivascular mesen- cells. However, in spile of these similar- 
chymal cells about the blood vessels of all ities, a few authors are not willing to 
sizes and in the interlobular septa. classifj- the t}j}’moc> Ies as lymplmcyles be- 
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Fig. 273. Portion of the meJuPa of the thymus of an eigfit-year-old boy: //, Hassall’s body; 
R, eritheltal rcUcolar Cells; Lym. lymphoor«» an eoslnopbit mjelocyte is just outside the left- 
hand margin of the Hassall’s body. Eoein-azore stain. 970 X- (W B.) 

The Thymocytes. They are morplio- cause they believe tbe thymocytes to have 
logically identical uith lymphocytes. Both an epithelial origin, although most 

show the same susceptibility to .vray in- workers believe that they arise from lym- 
jury; both are cytoiyzed by sera obtained phocylcs which have wandered into the 
by the }n;ection of thymus cells info rats,' epithelium fsce p. 322). Further work 
and both show the same type of ameboid witii pure cultures of thymic epithelium 
motion and ability to transform into might clarify this moot question, 
macrophages (Murray). Gregoire has Involution of the Thymus. The 
found that transplants of the thymus con- above description of a clear-cut separa- 
si*t only of epithelium if lymphocytes are tion of the thymus into cortex and me- 
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dulla obtains normaHy m the later cm* inilivlduals there are £caltcrcd HassaU’s 

bryomc periods and in childhood, bodies surrounded by a feu- reticular cells 

IS’ormally involution begins ns a gradual and lymphocytes. This process of normal 

thinning out of the lyniplioid cells of the or age involution maj be complicated by 

cortex; at about four years the epithelial the rapid changes of “accidental involu- 

reticular cells become compressed, and lion” (Fig. 272), 
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Ftp. 274. Tissue culture of adult ralAit ihymus, tnent^-four Iiours m fUro, m a medtutn confai’niti?; 
Htlduni carmine. The epithelial reliculuni is contracting jnto a solid epitheJial isJand (Sp) i 
endollielium; H, macrophages with carmine grannies and cellular dehris; Mlm, medium-sired 
Ijmphootes, Sim, small l)mplioc>tc9; f , vessel. 870 X. .Mter Popoff. 

the area occupied by them is gradualJj re- Purified adrenocorticotrophic hormone 
placed by adipose tissue, tvhich is drought causes a striking reduction in weight and 
to arise in the interlobular connectne tis* size of the thymus in male rats. Kepeated 

sue. The medulla begins to atrophy at pu- injections of horse gonadotrophic hor- 

berty. This process continues tliroughout mono cause atrophy of the thymus 
Ufe. The last elements to be replaced are through the intermediation of the inter- 

the Hassali’s bodies, but even in %cry old «iUtiaJ cells of the gonads; this atrophy 
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results if the germ cells have been dc- 
strojed, but does not occur in castrated 
rats. On the contrary, castration causes 
hyperplasia of the involuted gland in the 
rat. Selye has found that fasting, toxins, 
and morphine cause a rapid atrophy of 
the thymus and enlargement of the adre- 


Vessels and Nerves. The arteries supplying 
tlie th)nius arise from the internal mammary 
and tile inferior tigroid arteries and are first 
distributed to tlie cortical tissue. Large venules 
arise in the medulla and combine into larger 
veins whicli empty into the left innominate and 
thyroid veins, Tlie lymphatics run mainly m the 
interlobular connective tissue and empty into 



Fig. 275. Portion of a cross section through the nght thymus of a 14.5 mm. rabbit embryo. The 
organ appears as an epithelial island (£» surrounded by mesenchyme (Ms) ; Ed, endothelium 
of a vessel containing a nucleated erythrocyte (Erz); lymphocytes (Lm) originate from the 
mesenchyme and wander into the epithelium; Thl, lumen of the thymus; It's, histioid wandering 
cell. 900 X. (A.A.M > 


nal cortex in rats, and that atrophy of the 
thymus does not take place in adrenalec- 
tomized tats; hypophysectomy hastens 
thymic atrophy . 

The regeneration of the thymus occurs 
rapidly after exposure to suWelhal doses 
of .t-rays and various toxins. 


the anterior mediastinal and tracheobronchial 
lymph nodes. Tlte thymus receives a few branches 
from the vagus and sympathetic nerves; these 
are probably mainly of vasomotor nature. 

Ilislogenesis. In man the primonlium of the 
rtiymus is an outgrowlh ol the third branchial 
pouch on each side of the median line; the fourth 
hrancial pouch often gives ri^e to .vome thymic 
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he area oceup.ed by Ihem is gradaaJI, re- 
ilaced by adipose lissue, „hich is ihoaslit 
o ar^e m Ihe interlobular conneelne 
ue. The medulla begins to atrophy at pu- 
•aly. This process continues throughout 
:fe. The last elements to be replaced are 
ie Hassall’s bodies, but even in very old 


PuriSed adrenooorticotrophio hormone 
causes a strilcing reduction in weight and 
f’f . •’’>■">“5 in male rats. Repeated 

injections of horse gonadotrophic hor- 
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results if the germ cells have been de- 
stroyed, hut does not occur in castrated 
rats. On the contrary, castration causes 
hyperplasia of the involuted gland in the 
rat. Selye has found that fasting, toxins, 
and inorjdiine cause a rapid atrophy of 
the thymus and enlargement of the adre- 


VesseJs and Ner'es. The arteries supplying 
the thymus ari«e from the internal mammary 
and the interior thyroid arteries and are first 
distributed to the cortical tissue. Large venules 
arise m the medulla and combine into larger 
veins which empty into the left innominate and 
tli)Toid veins. Tlie lymphatics run mainly in the 
interlobular connecttve tissue and empty into 



Fig. 275. Portion of a cross section through the right thymus of a 145 mm. rabbit embryo. The 
organ appears as an epithelial island (.Ep) surrounded by mesenchyme (/Ur) ; Ed, endothelium 
oi a \esse\ containing a nucleated erythrocyte (Ere) ; lymphocytes (Lm) originate from the 
mesenchyme and wander into the epithelium; Tfil, lumen of the thymus; If':, histiold wandering 
cell. 900 X. (A.A.M ) 


nal cortex in rats, and that atrophy of the 
thymus does not take place in adrenalec- 
tomizcd rats; hypophyscctomy hastens 
thymic atrophy. 

The regeneration of the thymus occurs 
rapidly after exposure to sublellial doses 
of .%-ra)s and \arious toxins. 


the anterior mediastinal and tracheobronclijal 
lymph nodes. The thymus receives a few brandies 
from the vagus and sympathetic nerves; these 
arc probably mainly of vasomotor nature. 

IIislogciic«is. In man the primordium of the 
thymus is an outgrowth of the third branchial 
pouch on each side of the median line; the fourth 
brancial pouch often gives rise to some thymic 
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tissue (Van Dyke, 1911). It lias a narrow, cleft- 
like lumen (Fig. 275, Thl) and a thick wall 
which consists of several layers of cylindrical 
epithelium (Fig. 275, Ep). The surrounding 
mesencliymc, in the very earliest stages, contains 
many large lymphoid wandering cells (Fig. 275, 
Lm, jr z ) , which arise from the mesenchyme cells. 
The epithelial hud proliferates irregularly so that 
the lumen disappears and anastomosing strands 
extend into the mesenchyme. The future lobules 
arise at the ends of these branches. 

In an embryo of about 20 mm., small thy- 
mocytes appear. A few authors derive them from 
the epithelial cells, hut according to tlic theory 
which is dominant at present, the thymocytes 
arise from the inwandering of lymphoid cells. 
Some of tliem are quite large, wliile others are 
very small, and there are numerous transitions 
between the two (Fig. 275). It is almost certain, 
moreover, that many of the lymplioid cells arise 
from the perivascular mesenchymal cells of the 
blood vessels which penetrate tiie epithelium. 
The number of the lymphocytes increases greatly, 
partly from inwandering from the mesenchyme 
and in part tlirough their own proliferation. With 
the continued growth of the organ, the lympho- 
cytes become predominantly of the small lympho- 
cyte type. The epithelial sheet is converted into 
a reticular cell mass whose meshes are occupied 
by the lymphocytes and are penetrated here and 
there by blood vessels. 

The definitive medulla arises relatively late in 
the central main stem and in (he deeper por- 
tions of the lobules by the hypertrophy of the 
syncytial mass of epithelium, while most of the 
lymphocytes move from tiiese areas or degenerate 
in situ. Later, through as yet imperfectly de- 
scribed changes in the epithelial cells, the Has- 
sall’s bodies arise. The cortex and medulla arise 
from the same cell mass, but have a different 
distribution of lymphocytes. 

In later stages of embryonic life, many lym- 
phocytes wander into the blood and lymph 
streams and some of them turn into granulo- 
cytes. The thymus m the embryo, then, must be 
considered to be a blood-forming tissue even 
though no erythrocytes are produced in Jt. The 
embryonic thymus bears some points of similarity 
to the embryonic liver: in both organs the epithe- 
lial cells are separated by mesenchymal cells 
and lymphocytes. In both organs the lympho- 
cytes produce granulocytes, although in the liver 
they also produce erythrocytes. 

Most investigators ascribe the regeneration of 
the small thymocytes in transplants of the gland 
to immigration of lymphocytes (see Jolly, 1932). 

Funclion of the Tlxymus. The func- 


tions of the thymus are unknown, except 
for its ability to form lymphocytes and a 
few plasma cells and myelocytes. But 
the change from a very large organ in the 
embryo, infancy, and childhood, into a 
gradually disappearing organ with the de- 
velopment of sexual maturity, has led 
many authors to ascribe an endocrine 
funclion to this gland. The claims that the 
injection of extracts of the thymus into 
parent rats causes a precocious growth of 
their progeny wliich is cumulative in suc- 
ceeding generations and that thymectomy 
causes a retardation in growth of the 
progeny have not been substantiated, 

TIIE PINEAL BODY 

The pineal body (conarium, epiphysis 
cerebri) is a somewhat flattened, conical, 
gray body measuring 5 to 8 mm. in length 
and 3 to 5 mm. in its greatest width. It lies 
above the roof of the posterior extremity 
of the third ventricle, to which it is at- 
tached by the pineal stalk. The cavity of 
the third ventricle extends for a short dis- 
tance into the stalk as the pineal recess; 
this is lined with ependyma. 

Except where it is attached to the hab- 
enular and posterior commissures of the 
midbrain, the pineal body is invested by 
pia mater. Connective tissue septa, con- 
taining many blood vessels, arise from 
this layer, penetrate the pineal body and 
separate its specific elements into cords of 

cells. In heraatoxylin-and-eosin-stained 

sections, the pineal body is seen to consist 
of cords of epithelioid cells with dark 
nuclei and little cytoplasm, embedded in a 
reticular framework. With advancing age, 
some of the small dark cells gradually de- 
velop into larger cells with much cyto- 
plasm and- paler nuclei. 

Jn addition to the presence of neuroglial cells 
on which all authors are agreed — five types of 
cells have been described* (1) chief cells, which 
are large and have small processes and no vac- 
uoles in their homogeneous protoplasm; (2) 
smaller cells with fine acidophil granules; (3) 
cells with large basophil granules; (4) cells with 
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lipoid granules, and (5) nerve cells. Some authors 
claim that the various granules are evidences o( 
a secretory process. 

According to the recent studies of del 
Rio-Hortega on the pineal body, the par- 
enchymatous cells of the organ are spe- 
cific cells tvith a characteristic structure 
(Fig. 278). They have long processes 
which extend for considerable distances 
and end in bulblike swellings in the inter- 
lobular connective tissue (Fig, 278). In 
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body. These parenchymatous cells arise 
from the same source as the neuroglia and 
nerve cells, but seem to be an intermediate 
cellular form. 

It is generally believed that the pineal 
body increases in size until about seven 
years of age. At this time involution is 
said to begin and to continue to fourteen 
years of age. It is manifested by an in- 
crease in the amount of neuroglia and by 
the development of hyaline changes in 



F«g 276 Median section through the pineal body of a newborn child; B, Connective tissue sheath 
(pia mater) ; C/f, superior habenular commissure; E, epend>ma; F, group of cells with little proto- 
plasm; G, neuroglia; HE, posterior end of the pineal body; M, cells with much protoplasm; RP, 
pmeal recess; S, connection vrilh posterior commissure. Dlood vessels empty. E2 X- A., Aceivulus 
Irom itie pineat body oi a woman of sisly-nme years. 160 X- After Schaffer. 


the center of the lobules, these processes 
radiate in all directions from the cells, 
while toward the periphery of the lobules 
the cells tend to become polarized in one 
or two processes. Occasionally, there are 
as many club-shaped ends of fibers in the 
center of the lobules as in the periphery; 
these may be considered evidences ol 
atrophy. The specific elements hyper- 
trophy greatly about the sand granules 
(Fig. 276, A) nhich develop in the pineal 


both the septa and the lobules. The so- 
called “brain-sand granules” (corpora 
arenacea) also begin to appear. These are 
laminated structures consisting mainly of 
phosphates and carbonates of calcium and 
magnesium. 

The pineal body first appears at the be- 
ginning of the second month of gestation 
as a fold arising from the roof of the 
dioiccphalon before which is a collection 
of rounded cells. By the end of the sixth 
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Chapter XV 


THE SKIN 


The skin covers tlje surface of the body 
and consists of two main layers, the sur- 
face epithelium or the epirfermis and the 
subjacent, dense connective tissue layer — 
the skin proper, coriitm or derma. Be- 
neath the latter i*^ a looser connective 
tissue layer, the superficial fascia or tela 
subcutanea, which in many places of the 
body is transformed into the subcutane- 
ous fatty tissue, the panniculus adiposus. 
The superficial fascia may be called the 
hypodermis, Ashich is more or less closely 
connected with the deeper tissues such os 
the deep fasciae, oponeuroses, or peri- 
osteum. 

The skin is continuous with several mu- 
cous membranes through mucocutaneous 
junctions, the most important of which 
are the vermilion border of the lip, the 
vulva and the anus. 

The skin carries out several functions; 
it protects the organism from injurious 
external influences; it receives sensory 
impulses from the outside; it excretes 
various substances to the outside, and in 
warm-blooded animals, it helps to regu- 
late the temperature of the body. The skin 
is provided with numerous accessory or- 
gans, such as the hairs, nails, and glands 
of various kinds. 

On the free surface of the skin, in man, 
numerous ridges can be seen with the 
naked eye, which pass in various direc- 
tions, cross one another in the form of a 
network, and frequently unite. On the 
soles, palms, and undersurfaces of the 
fingers and toes, in man and the primates, 
there is a regular pattern of parallel 
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ridges whicli form complicated figures. 
This pattern in its fundamental plan b 
always the same, but undergoes marked 
individual variations, so that it is differ- 
ent in every person. 

Tile boundary between the epithelial 
and the connective tissue portions of the 
skin is well pronounced. But it is impos- 
sible to draw a sliarp histologic boundary 
between the derma and the subcutaneous 
layer; the fibers of one layer pass directly 
over into the other layer. 

Tlie surface of contact between the epi- 
dermis and the derma is uneven in most 
places. The boundary between the two 
layers appears as a straight line only on 
ihe'forehead, the midline of the perineum 
and scrotum, and the external ear. In 
most of the skin of tlie body the outer por- 
tion of the derma is provided with a 
series of irregular ridges called papillae; 
into the spaces between them the lower 
layers of the epidermis intrude. 

EPIDERMIS 

The epidermis is a stratified squamous 
epithelium, the external layer of which 
hornifies and forms a resistant surface. 
It is moistened by ivater only ivilh diffi- 
culty and prevents the underlying tissues 
from drying; it thus serves as a protective 
layer. 

The epidermis varies from 0.07 to 0.12 
mm. in thickness on most parts of the 
body, although on the palms and the 
palmar surface of the fingers it may reach 
a thickness of 0 8 mm. and on the sole 
and toes of 1.4 mm. Continuous rubbing 
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and pressure through heavy physical work external mechanical causes, for it is well 
cause a great thickening of the epidermis, developed in the fetus. 



Fis- ^19, SecVTOTi t\iTtni"Yx a Vmwian ■perpendlcciiaT ttj lV>e suilace o! tlie skin. Blood \essels ate 
injected and appear btatdc. Low magnification. (A.A.M ) 

especially of its horny layer. Tlie great Epidermia of tbo Palme and Soles, 
thickness of the epidermis on the palms The structure of the epidermis is most 
and the soles cannot be the result of only typical in those places where it is thickest 
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tened under the granular layer. The sur- 
face of these cells is covered with thin 
spines (hence the name, stratum spi- 
nosum) which connect with similar spines 
of adjacent cells and form bridges cross- 
ing the intercellular spaces (Fig. 281, y). 
The spines at the lower surface of the cy- 
lindrical layer of cells arc finger-like proc- 
esses w’hich project into the connective 
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be tliickened into a round or spindle- 
shaped granule. 

The granular layer (Fig. 280) consists 
of three to five layers of flattened cells ^ 
which are rhomboidal in a perpendicular 
section. Their cytoplasm, particularly in 
the vicinity of the nucleus, contains irreg- 
ularly shaped granules of keratohyalin. 
Their origin has not been definitely estab- 


Nucleus 



Mitochondria z Papilla 


Fig. 281. Section, tangential to the surface of the Malpighian layer, of the epidermis of a human 
palm, sliouing fibrils and intercellular bridges; z, scalloped, lower surface of epithelial cells con- 
nected with the derma. Intercellular bridges with swellings, in longitudinal section fy) and in cross 
section Fixation Clumpy; Hull’s stain foil immersion). (A.A.M.) 


tissue of the derma. A few mitochondria 
(Fig. 281) are present in the cjtoplasm 
around the nucleus. The cytoplasm is 
also provided with numerous fibrik, 
wbich are arranged jn parallel bundles, 
particularly in the peripheral layer of ihc 
cell body. Tlic fibrils pass through the in- 
tercellular bridges and penetrate rows of 
cells without interruption. Within each 
intercellular bridge, the fibril appears to 


lished. With the gradual increase in size 
and number of the granules, the nucleus 
disintegrates and becomes pale. The inter- 
cellular spaces at the same time become 
narrow and the intercellular bridges, 
maintaining the swellings in their middle, 
become shorter and rather indistinct. 

The stratum hicidum (Fig. 280) con- 
sists of several layers of flattened, closely 
packed cclU; in a section it appears as a 
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pale, wavy stripe, in which the granules 
of keratohyalin have dissolved and bc' 
come eleidin. In the majority of cases 
nothing remains of the nucleus in such 
cells. 

The horny layer, the stratum corneum 
(Fig. 280) , on the palms and soles reaches 
a considerable thickness and consists of 
dpad, cornified, llaUened cells. The inter- 
cellular bridges are absent here and the 
close contact depends on the dense ar- 
j rangement of the cells which touch one 
) another with their margins covered with 
small, irregular spines, The mass which 
fills the cells of the horny layer is para- 


of tlie scalp and prepuce only 12 per cent 
of the mitoses were in the basal layer, 
with 30 per cent in the lower third, 46 per 
cent in the middle third and 12 per cent in 
the outer third of the spinous layer. In the 
palmar and plantar skin of the cat he 
found the mitoses slightly more numerous 
in the lower third of the spinous layer 
than in the basal layer. Both layers re- 
spond rapidly with nn increased, number 
of mitoses to mechanical stimulation of 
the skin in these areas. 

Epitlcrniis of the Body. On the rest 
of the body the epidermis remains much 
thinner and has a much simpler structure. 



Fig. 282. Section through the of the human shoulder. 125 X. (A.A.M.) 


eleidin or keratin, a product of the trans- 
formation of eleidin. 

The most peripheral layers of the stra- 
tum corneum consist of dried, horny 
plates which arc constantly being des- 
quamated {stratum disjunctum I . The ceils 
lost in this way are replaced by new ones 
which come up from the lower layers. The 
number of mitotic figures in the deep 
layers of Malpighian cells corresponds 
with the intensity of the desquamation of 
the epidermis at the particular region of 
the skin. 

Against the general view that mitosis in 
the skin occurs mainly in the basal layer 
of cells, Thuringer found that in the skin 


Two layers are always present — the stra- 
tum Malpighii and the stratum corneum. 
. The granular layer in the majority of 
' cases consists of but one layer of cells and 
is frequently absent (Fig. 282). This de- 
pends on the fact that the process of corni- 
fication, i. e., the transformation of cells 
of the Malpighian layer into cells of the 
corneum, does not proceed continuously, 
but occurs from time to lime at different 
places. In contrast to what happens in the 
palms and soles, the epidermal cells in the 
other portions of the surface of the body 
produce very little eleidin so that they 
become thin plates of keratin with only a 
thin slit in the place of the former nucleus. 



THE SKIN 


333 


These very thin plates are welded so 
closely together that they are very hard to 
isolate, even after prolonged maceration. 

The epidermis is entirely devoid of 
blood vessels and is nourished by the tis- 
sue fluid which penetrates into the inter- 
cellular spaces of the Malpighian layer 
from the capillaries .in the underlying 
connective tissue. 

The color of the skin depends on three 
factors: Its inherent color is predomi- 
nantly yellow; the vascular bed gives a 
'reddish hue; melanin is responsible for 
varying shades of brown. This pigment 
' accumulates in smaller or larger amounts 
as fine granules within the cells of the ’ 
stratum germinativum, particularly in its 
basal, cylindrical layer (Fig. 283, Pb). ' 
As these cells move tovvard the surface, 
this granular pigment gradually disap- 
pears, so that only a diffuse coloring is 
observed in the stratum corneum. The pig- 
mentation of the skin of the Negro is due j 
to the great amount of pigment in all of 1 
the layers of the epidermis. 

At the junction of the layer of pi;:nienied 
basal epithelial cells with the derma, and pro- 
jecting slightly into the latter, are peculiar 
branched pigment cells called “melanobla^ls” 
(Fig 283, Mel). The long axis of their nucleus 
is usually perpendicular to that of the basal cells 
and tlicir pigment-containing processes extend 
for surprising distances between the epidermal 
cells. These melanoblasls react positively and 
specifically with the “dopa” reagent — 3, 4 dioxy- 
phenylalanin — while the pigment cells of tlie 
1 Malpighian layer and the dermal chromatophores 
(see below) do not Exposure to x-ra>s and ultra- 
violet light increases the “dopa” reaction in the 
melanoblasts It has been suggested that the 
melanoMasts are specific cells that normally 
elaborate melanin ivliich they turn over to the 
epidermal cells According to one author the 
melanoblasts are merely altered basal cells. 

Througlioul the epidermis, but more frequently 
in Us upper layers, peculiar black, star-shaped 
figures can be *een in gold chloride preparations. 
They are provided with long, irregular processes 
which penetrate the intercellular spaces and fol- 
low the intercellular outlines. They are the so- 
called cells of Langerhans. They have been con- 
sidered, probably erroneously, as melanoblasts. 


cells, or lymphoid wandering cells by dif- 
t imestigalors. It is not at all clear, how- 
that they are cells No structural details 



Fig. 283. Section through the skin of a human 
maminarv papilla: Sc, Stratum corneum; Pb. 
pigmented basal cells of epidermis; Mel, melano- 
blast; Fib, fibroblast: De, dermal chromatophore. 
Silver nitrate, faintly counter-stained with pyro- 
nin methyl green. 650 X. (W. B.) 

can be seen in them in gold-impregnated slides 
and no traces of them can be found in slides pre- 
pared by the usual histologic methods. 

Dasemciit Membrane. Most recent authors 
deny the presence of a basement membrane be- 
tween epidermis and derma. The opinion that 
the lonofibrUs of the epidermis are directly con- 
nected with the collagenous fibers of the derma 
has not been proved. 

niucocuianeous Junctions. These 
junctions differ in several respects from 
the skin and the mucous membranes to 
which they are joined. Their epithelium is 
thicker than that of the adjacent skin and 
more nearly resembles that of the mucosa. 
Normally, they contain no sweat or mu- 1 
cous glands, hut do have superficially 
placed sebaceous glands in perhaps half 
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of the cases. They are moistened by mu* 
cous glands within the orifices. As the lip 
has a thin stratum corneum and normally 
lacks a stratum granulosum, the underly- 
ing blood shines through and gives it a 
red color. 

THE DERMA 

The thickness of the derma cannot be 
measured exactly because it passes over 
directly into the subcutaneous layer. The 
average thickness is approximately 1 to 2 
mm.; it is less on the eyelids and the pre- 
puce (up to 0.6 mm.) , but reaches n thick- 
ness of 3 mm. or more on the soles and 
palms. On the ventral surface of the body 
and on the underside of the appendages it 
is generally thinner than on the dorsal 
and the upper sides; it is thinner in 
women than in men. 

The surface of the derma which is fused 
with the epidermis is uneven in most cases 
and is covered with projecting ridges and 
papillae. This surface layer of the derma 
is soft and is called the papillary layer 
(Fig. 280) . The deep layer, i. e., the main 
dense portion of the derma, is called the 
reticular layer (Fig, 280) . The two layers 
cannot be clearly divided from each other. 

The reticular layer consists of bundles 
of collagenous fibers which form a dense 
feltwork; the bundles run in various di- 
rections (Fig. 57) , of which the main one 
is always more or less parallel to the sur- 
.face; less frequently, approximately per- 
pendicular bundles are found. In the 
papillary layer and its papillae the col- 
lagenous bundles are much thinner and 
more loosely arranged. 

The elastic fibers of the derma form 
abundant, thick networks in the space be- 
tween the collagenous bundles and are 
condensed about the hair follicles and the 
sweat and sebaceous glands. In the papil- 
lary layer they are much thinner and form 
a continuous fine network under the epi- 
thelium in the papillae. In the cheeks, 
however, the elastic network immediately 


under the epitlielium is particularly dense 
and consists of closely arranged, mark- 
edly twisted fibers. 

The cells of the derma are the same as 
those of the subcutaneous layer (p. 59) ; 
in the papillary layer they are more abun- 
dant than in the reticular layer. 

In the periplieral layers of tlie derma, under 
tlie epithelium, a few connective tissue pigment 
cells, dermal chromatophores, are scattered (Fig. 
283, Dc). In these cells the pigment granule^ 
arc much larger and more irregular than the 
small, even granules m the melanoblasts and 
epidermal cells. The dermal chromatophores are 
encountered normally hut rarely, and are numer- 
ous only in definite places, as around the anus. 
Whether these pigmented cells of the derma 
have anything to do with the pigment in the 
epidermis Is not established. It is unlikely that 
they supply the pigment to the epithelial cells 
of the Malpighian layer; on the other hand, it is 
possible that the chromatophores receive their 
pigment from the epithelium. These chromato- 
phores probably do not elaborate the pigment 
which they contain. In the skin of the ape, in the 
so-called ‘‘Mongolian spots” and in certain tu- 
mors, called ‘‘blue nevi,” true dermal melanoblasts 
appear. These cells give a positive ‘‘dopa” reac- 
tion. in contrast to the “dopa” negative dermal 
chromatophores. 

Within the deep parts of the reticular layer 
in the mammary papillae, the penis, perineum, 
and scrotum, numerous smooth muscle fibers are 
collected into a netlike layer. Such portions of 
the skin become wrinkled during contraction of 
these muscles. In the peripheral layers of the 
derma, smooth muscles are also connected with 
the hairs (p. 339). 

In many places in the skin of the face, cross- 
striated muscle fibers terminate in the derma. 

At various levels of the derma are the hair 
follicles, sweat and sebaceous glands, as well as 
blood vessels and nerves and many nerve end- 
ings. These different structures are described 
later in this chapter. 

Hypodermis. The subcutaneous layer 
consists of loose connective tissue and is a 
loose continuation of the derma. The col- 
lagenous fibers and a few elastic fibers 
pass directly over into the fibers of the 
derma and run in all directions, mainly in 
that parallel to the surface of the skin. 
Where the skin is very flexible the fibers 
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are few; where it is closely attached to the eyelids and penis the subcutaneous layer 
underlying parts, as on the soles and the never contains fat cells, 
palms, they are thick and numerous. The subcutaneous layer is penetrated 

Depending on the portion of the body everytvhere by large blood vessels and 



and the nutrition of the organism, a vary- 
ing number of fat cells develop in the sub- 
cutaneous layer (Fig. 279). These are 
also found in groups in the deep layers of 
the derma The fatly tissue of the subcu- 
taneous la)cr on the abdomen may reach 
a thickness of 3 cm. or more, while in the 


nerve trunks and contains many nerve 
endings. 

HAIRS 

The hairs are horny threads which de- 
velop from the epidermis. They vary in 
length from se\eral millimeters to 1.5 
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melcrs and from 0.005 mm. up to 0.6 mm. 
in thickness. They are distributed in vary- 
ing density on the surface of the skiOf 
'except on the palms and soles, the loiver 
. and lateral surfaces of the fingers and 
Iocs, the upper surface of the third pha- 
lanx of all the fingers, the lips, the glans 
penis, the prepuce, and the internal sur- 
face of the labia majora. 

Each hair arises in a tubular invagina- 
tion of the skin, tlie hair follicle, the walls 
of which are composed of epidermis and 
derma. Tlie connective tissue papilla pro- 
jects into the bottom of the follicle:. Tlie 


arc oval and sometimes irregularly angu- 
lar in cross section. The form of the hair 
does not correspond with its shape in 
cross section. Hie shape of the hair'is not 
a reliable indication oTlhe race of the m-1 
dividual. The natural, free end of the 
shaft of each hair gradually thins down 
into a point. 

The epidermis, which extends inside the 
hair follicle as far as the opening of the 
sebaceous gland, L e., the neck of the fol- 
licle, directly adjoins tlie shaft of the hair 
and consists of the usual i\Iaipighlan, 
granular, and corneum layers. Below the 



Fig. 285. Shaft of a human hair seen from the surface (.A), and in profile (B), after irealraent 
with 5 per cent iS’aOH; RZ, Conical caticahe scales from (fie surface antf in cross section l£)} 
RE, outlines of the cuticles. $80 X- After Schatfer. 


root of the hair develops into the hair 
shaft, the free end of >vhich protrudes be- 
yond the surface of the skin {Fig. 281). 

One or more sebaceous glands are con- 
nected with each hair. They are usually 
located in the obtuse angle between the 
hair follicle and the surface of the skin 
and open into tlie neck of the follicle. 
Here one end of a smooth muscle is at- 
tached to the middle of the connective 
tissue sheath of the follicle while {lie other 
end disappears in the papillary layer of 
the derma. 

The external form of the shaft of the 
hair is usually cylindrical and appears as 
a circle in transverse sections. Many hairs 


neck, the corneum layer disappears and so 
does the granular layer shortly afterward. 
As a result, in the deeper portion of the 
hair follicle, only the Malpighian layer 
remains. Toward the base of the follicle it 
forms the external root sheath of the hair. 
This is separated from the root of tlie hair 
by the internal root sheath whicli gro^vs 
upward with the hair from the base of the 
follicle to its neck, ivhere it terminates 
with a free edge^ The root and the internal 
and external sheaths Mend at the surface 
of the papilla into a mass of undifferenti- 
ated epithelial cells, (he matrix of the hair. 

Structure of the Hair, Tlie hair is 
covered vvith a special membrane, the 
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citticlc, ivliich consists of ihin, tran«par* Tlic main nia«s of tlie Ijair consists of 
ent, coniificd epithelial cells ^'ilh wax’y dense, horny substance, A^hich contains 


7 2 8466789 



Fig. 286. Longitudinal section through a hair from the head of a man of tiventy-two years: 
}, Medulla} 2. cortex; J, hair cuticle; 4, inner sheath cuticle; 5, Huxley’s layer; 6, Henle’s layer; 
7, external root shealli, 8, glassy membrane; 9, connectoe tissue of the hair follicle; A(f', external 
root sheath at the bulb, A, matrix; P, papilla. 350 X> After Hoepke. 

outlines. These ate arranged like shingles a variable amount of pigment and air 
with their free margins directed toward vacuoles. Concentrated sulfuric acid dis- 
the end of the hair. integrates it into flattened, spindle-shaped 
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meters and from 0.005 mm. up to 0.6 mm. 
in thickness. They are distributed in vary* 
ing density on the surface of the skin, 
’except on the palms and soles, llie lower 
^ and lateral surfaces of the fingers and 
toes, the upper surface of the third pha* 
lanx of all the fingers, the lips, the glans 
])cnis, the prepuce, and the internal sur- 
face of the lahia majors. 

Each hair arises in a tubular invagina- 
tion of tlie skin, the hair jaUicle, the walls 
of which arc composed of epidermis and 
derma. Tlie connective tissue papilla pro- 
jects into the bottom of the follicle. The 


are oval and sometimes irregularly angu- 
iar in cross section. The form of the hair 
does not correspond with its shape in 
cross section. The shape of the hair'is not 
a reliable indication oTihe race of the in-! 
dividual. The natural, free end of the 
shaft of each hair gradually thins down 
into a point. 

The epidermis, which extends insidethe 
hair follicle as far as the opening of the 
sebaceous gland, i. e., the neck of the fol- 
licle, directly adjoins the shaft of the hair 
and consists of the usual hfalpighian, 
granular, and corneum layers. Below the 
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Fig. 285. Shaft of a human hair seen from the surface (A}, and in profife (Bit ah®*" treatment 
with S per cent NaOH' RZ, Cortical cuticulsr scales from the surface and in cross section {£) » 
RE, outlines of the cuticles. 380 X- After Schaffer. 


root of the hair develops into the hair 
shaft, the free end of which protrudes be- 
yond the surface of tiie skin {Fig. 284). 

One or more sebaceous glands are con- 
nected with each hair. They are usually 
located in the obtuse angle between the 
hair follicle and the surface of the skin 
and open into the nech of the follicle. 
Here one end of a smooth muscle is at- 
tached to the middle of the connective 
tissue sheath of the follicle whilethe other 
end disappears in the papillary layer of 
the derma. 

The external form of the shaft of the 
hair is usually cylindrical and appears as 
a circle in transverse sections. Many hairs 


neck, the corneum layer disappears and so 
does the granular layer shortly aftervs'ard. 
As a result, in the deeper portion of the 
hair follicle, only the Malpighian lajer 
remains. Toward the base of the follicle it 
forms the external root sheath of the hair. 
This is separated from the root of the hair 
by the internal root sheath which grows 
upward with the hair from the base of the 
follicle to its neck, where it terminates 
with a free edge. The root and the internal 
and externa/ sheaths h/end at thesurhee 
of the papilla into a mass of undifTerenti- 
aled epithelial cells, the matrix of the hair. 

Structure of the Hair. The hair is 
covered vvith a special membrane, the 
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cuticle, which consi«ls of thin, tran.epar- The main mass of the hair consists of 
ent, cornified epithelial cells with wavy dense, horny substance, which contains 





*■ » ^ 




Fjg. 286. Longitudinal section through a hair from the head of a man of twenty two years: 
I, Medulla; 2, cortex, 3, hair cuticle; 4, inner sheath cnticle; 5, Huxley’s layer; 6, Henle’s layer; 
7, external root sheath, 8, glassy membrane; 9, connective tissue of the hair follicle; Aii', external 
root sheath at the bulb; A, matrix; P, papilla. 350 X- After Hoepke. 


outlines These are arranged like shingles 
with their free margins directed toward 
the end of the hair. 


a variable amount of pigment and air 
vacuoles. Concentrated sulfuric acid dis- 
integrates it into flattened, spindle-shaped 
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bodies containing dense bundles of fine, 
horny threads — the remains of intercellu- 
■}Iar bridges. Vestiges of the nucleus appear 
as shrunken rods or granules. The pig- 
ment is distributed diffusely or in rows of 
granules in the spindles. The air vacuoles 
are arranged in rows in the former inter- 
cellular spaces. 

The horny lis«ue is usually called the cortical 
substance of tiie hair. -This name, however, is 
sometimes inappropriate, for in the hairs on the 
head this “cortical” substance and the cuticle are 
the sole constituents of the hair shaft. 

In many of tiie thick hairs (in heards and 
eyebrows) the axial portion is occupied by the 
medulla, composed of irregular, shrunken, comi- 
bed cells separated by large amounts of air and 
connected by bridges. 

The color of the hair depends on its content 
of pigment and air. The larger the amount of 
pigment, the darker is the hair. Ligiit hairs 
appear still lighter due to the presence of a 
medulla filled with air. The loss of pigment makes 
the hair look gray. If this happens in hairs 
which are rich in medullary substance the hair 
acijuires a bright, silvery appearance. 

The Hair Follicle. Tlie connective tis- 
sue portion of the wall of the hair follicle 
is formed by a condensation of the derma 
bounding the invaginated epithelium, and 
is made up of three layers. The external, 
poorly outlined layer consists mainly of 
longitudinal collagenous and elastic fibers 
and a few fibroblasts. The thick, dense 
middle layer is formed by circular fibers 
and fibroblasts. The internal layer is a 
basement membrane between the epi- 
' thelial and connective tissues (glassy 
membrane) . 

The papilla at the bottom of the follicle 
is an outgrowth of the connective tissue 
sheath of the latter^and is homologous to 
an ordinary dermal papilla. It consists of 
a cellular connective tissue which contains 
capillaries and is usually devoid of elastic 
fibers. Sometimes it contains pigment 
cells, particularly in dark-haired people 
and Negroes. The glassy membrane be- 
comes much thinner on its surface. Tlie 


papilla is usually egg shaped, wlh a thin 
pedicle. 

The surface of the papilla is covered 
with a continuous epithelial mass, the hair ' 
matrix, from which the hair and itsi 
sheaths develop. The cells of the deeper j 
layer have a cylindrical form, but usually 
appear as a syncytial mass. The nuclei are 
often in mitosis. Tlie cytoplasm of the 
cells at the tip of the papilla contains a 
number of pigment granules. 

Tlie cells which cover the papilla move 
upward and form the main mass of the 
hair. Tliey become long, thin, pigmented 
spindles and bundles of fibrils appear 
within them and pass from cell to cell. 
At the boundary between the lower and 
middle thirds of the root, they are trans- 
formed into the cornified elements of the 
hair. Cornificalion proceeds here without 
the participation of a granular substance 
like keralohyalin or trichohyalin. 

In hairs with a medulla, the cells at the tip 
of the papilla moie forward as a column of poly- 
hedral cells interconnected by bridges. Then, 
granules of trichohyalin appear in them. Higher 
up, these granules disappear and the cells become 
cornified, shrunken bodies between which air 
accumulates. 

The cuticle of the hair develops from cells 
slightly below the middle of the side of the 
papilla. They lack pigment and at first are flat, 
but later become cubical; they gradually become 
wider and overlap one another with the/r free 
margins to the outside. The nuclei disappear and 
the cells become homogeneous, horny scales, 
closely welded to the cortical substance of the 
hair. 

Internal Root Sheath. The next layers 
of cells dowm^the slope of the papilla 
move upward and form the three layers 
of the internal root sheath. This, too, 
.grows upw’ard, but disintegrates below the 
iopening of the sebaceous gland into the 
I follicle- 

Tlie innenuost layer, the cuticle oj the internal 
root sheath, like the cuticle of the hair, consists 
of thin, horny scales, which overlap one another 
so that their free margins are directed toward 
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' the hottom of the hair sac. Thej- thus overlap fJie 
margins of the scales of tlie cuticle of the Iiair 
root which are directed toward the outside. 

Tlie cells wliicli form the second lajer or layer 
of Huxley, as they mo^e from the lower pan of 
the surface of the papilla, first become ciiboidal 
and later spindle shaped. They are penetrated 
by thin fibrils and are connected %vilh one an- 
other by bridges. At the level of the eummii of 
the papilla they develop coarse trichohjalm 
granules. This substance remains for a distance 
of 40 to so cells in the lajer of Hurley, but then 


External Root Sheath, Tlie external root 
sheath at the neck of the papilla consists 
of one layer of fiat cells. Moving upward, 
h becomes two layered at the level of the 
middle portion of tlie papilla and further 
on stratified so that the external cells ad- 
jacent to the basement membrane become 
cylindrical. It was formerly believed that 
this layer of the epithelium grows from 
the glassy membrane toward the root, thal 


Connective ilasue 



Corthof 
substance 
of hair 


fig. 287. Cross section through a hair follicle, in the skin of a pig embryo, at the level where Henle’s 
]a>er is completely cornified and Huxley’s layer contains granules of tnchohyalin. 375 X. 


disappears as the cells cornify. At ibe middle 
tljird of the follicle, the layer of Huxley consists 
of one to three layers of irregular, cornified cells. 

The outermost layer (of Jlenle) consists of a 
single Ijver of elongated, horny bodies connected 
hy iniercenular bridges. Their flat outer surface 
!«. clw'vlv welded to the external sheath. Some- 
time?, free spaces remain as oval openings be- 
lueen the edges of these cells. In this layer 
tnchohyalin appears at about the middle of the 
papilla, hut disappears at the level of ihe sum- 
mit of the papilla. 


is, perpendicularly to the direction of 
growth of the internal root sheath. Since 
intercellular bridges were discovered be- 
tween the two sheaths, it is possible that 
the elements of the externa! sheath grad- 
ually move toward the exterior from the 
bottom of the hair sac. 

The Alitscle of the Hair. The hair muscle 
is called the arrector pili and consists of smooth 
muscle cells gathered into a cylindrical or band- 
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like =liaft. It connects with its place of attadi- 
ment by networks of elastic fibers. When this 
muscle contracts (from cold, etc.) it first transfers 
the shaft of the hair from its sloped position into 
a more vertical one; it then produces, in the 
i region of its attachment to the surface of the 
derma, a groovelike invagination of the surface of 
^ the skin while the region surrounding the hair 
is lifted. This is responsible for the so-called 
I'^goose flesh.” Finally, by pressing on the base 
of the sebaceous gland, it effects the liberation of 
a fatty material, which lubricates tiie shaft of the 
hair. 

Replacement of Hairs. Throughout life, even 
in the emhr)-o, hairs undergo replacetnenl. The 
hair of every part of the body has. a definite 
period of growth— the hairs of tlie head two to 
* four years, the eyelashes three to five months. In 
^ man this change goes on continuously and passes 
unnoticed; in those mammals which replace llieir 
hair twice a year the process of replacement Is 
very rapid. 

When the period of growth of the hair ap- 
proaches its end, the multiplication of the undif- 
ferentiated cells at the bottom of the hair sac 
in the matrix slows down and finally stops. The 
base of the shaft and the root gradually be- 
come thinner. The growth from belov'f of the 
layers of the internal sheath stops. The elements 
which cover the summit of tlie papilla are all 
transformed into cornifled spindles and the hair 
!)ecomea club shaped The I'oot gradually sepa- 
rates from the papilla and moves slowly upward 
toward the neck of the follicle. The .papilla be- 
comes smaller and, according to some, alt-ophtes 
and disappears. After having moved upward to the 
neck of the sac, the hair either falls or is pulled 
out. 

Usually, even before the dropping out of the 
old hair, the primordmm of the new one is 
formed in the same hair sac. The epithelium of 
the matrix begins to multiply, the lower portion 
of the follicle again becomes thicker and longer 
The papilla enlarges, or as some believe, a nevv 
■one is formed, and invaginates the epithelium at 
r the bottom of the follicle. The cavity of the 
■ follicle above the papilla is soon filled with a 
mass of young epithelial elements Inside this 
mass a layer of homified cells, filled with triefao- 
hyalin, becomes visible; this has the shape of a 
hollow cone opened in the direction of the papilla. 
This layer represents the internal root sheath of 
the future new hair. The cells beneath this then 
form the substance of the hair proper. 

Rats fed a diet deficient m zme are reported 
^ to show hyperkeraliniiation of the skin with 


loss of hair follicles, although the sebaceous 
glands persist. 

NAILS 

Tite nails are approximately rectangu- 
lar, horny plates on the dorsal surface of 
llic terminal plialanges of the fingers and 
Iocs. The surface of the skin which is cov- 
ered by them is called the nail bed. It is 
surrounded laterally and proximally by a 
fold of skin, the nail wall. The slit between 
the wall and the bed is called the nail 
groove. The proximal edge of the nail 
plate is the roof of the nail. The visible 
part of the nail plate is surrounded by the 
nail wall and is called the body of the 
nail; the distal portion of it comes for- 
ward freely and is either gradually worn 
off by friction or is cut off. The nail 
body is pink because it is partially trans- 
parent and shows the underlying tissue 
rich in blood vessels. Near the root the 
.nail has a whitish color; this portion, the 
lunula, is usually covered by the proximal 
portion of the nail fold; it frequently ap- 
pears only on the thumb. 

The dense, semitransparent nail plate 
consists of closely welded, horny scales; 
these are cornified epithelial cells. When 
treated with sodium hydroxide they sepa- 
rate and swell; it is then possible to dis- 
tinguish in them the remains of a shrunk- 
en nucleus. These scales are arranged in 
layers so that in perpendicular sections j 
the substance of the nail appears striated. 
Between the scales, air often accumulates ’ 
in vacuoles and causes the appearance on^ 
the nail of irregular white spots. 

The nail fold has the structure of skin 
with all Ub layers. Turning inward into 
the nail groove, it loses its papillae and 
the epidermis loses its horny, clear, and 
granular layers. Under the proximal fold, 
the horny layer touches the dorsal surface 
of the nail root and even spreads onto the 
free surface of the nail body as the epon- 
ychium (Fig. 288). The stratum lucid- 
urn and the stratum granulosum also reach 
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upper layer of cells which touches the substance 
of the nail Is separated from it in places by an 
even line while In others it is jagged Under > 
the free edge of the nail the usual horny layer | 
again begins; it is thickened at this place and 
is calied hyponychium (Fig. 288). 

TIte epithelium which lines the proxi- 
mal portion of the nail bed and corre- 
sponds roughly with the lunula is par- 



Fig. 288 Longitudinal section of a nail of a newborn infant. Very low power. (A.A.M.) 


far inside the groove, but do not continue 
along the lower surface of the nail plate. 
On the surface of the nail bed only tlie 
Malpighian lajer of the epidermis is 
present. 

In the nail bed the derma is directly fu'ed 
with tlie periosteum of the phalanit. The surface 
of the derma under the proximal edge of the 
nail is provided with rather low papillae but 


under the distal half of the lunula this surface 
IS quite smooth. At the distal margin of the 
lunula, longitudinal, parallel ridges project in- 
stead of papillae. The boundary between the 
epithelium and the derma of the nail bed in 
a perpendicular section is, therefore, scalloped 
(Fig. 289) while it is smooth in longitudinal 
sections. Beyond the free edge of the nail the 
dermal ridges are replaced by cylindrical papillae. 

The epithelium of the nail bed distal to the 
lunula retains the typical structure of the Mal- 
pighian layer. The epithelium is thicker between 
the ridges of the derma than over them. The 


ticularly thick; dislally and upward it 
gradually passes over into the substance 
of the nail plate. Here the new formation 
of the nail substance proceeds; accord- \ 
ingly this region of the epithelium is | 
called the nail matrix (Fig. 288). The i 
cells of the deepest layer are cylindrical 
and mitoses can be observed frequently 
in them. Higher up are six to ten layers of 
polyhedral cells, and five to twelve layers 
of flatter cells join them; this entire mass 
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is penetrated by parallel fibrils Avbich con* 
sist of a special “onychogenic” substance. 
On passing into the substance of the prox- 
imal edge of the nail plate, these cells lose 
their fibrillar structure, cornify, and be- 
come homogeneous. 

As the new formation of the nail lakes 
place in the matrix, the nail moves for- 
ward. Although most authors deny the 
participation of the epithelium of the 
other portions of the nail bed in the for- 
mation of the nail substance, and believe 


They lie in the derma and their excretory 
duct opens into the neck of a hair sac. 
When several glands are connected with 
one hair, they are closely placed and lie at 
the same level. On the lips, about the cor- 
ners of the mouth, on the glans penis, and 
the internal fold of the prepuce, on the 
labia minora, and on the mammary pap- 
illa the sebaceous glands are independ- 
ent of hairs and open directly on the 
surface of the skin; to this category also 
belong the Meibomian glands of the eye- 



Fig. 289. Cross section of lateral edge of a nail and its surrounding parts: d, derma of nail bed; 
e, lateral nail wall; n, nail plate;^, dermal papilla; sc, stratum corneum of epidermis; sg, stratum 
granulosum; si, stratum lucidum; sm, Malpighian layer of epidermis; sm’, Malpighian layer of 
nail bed; u, lateral nail grooe; v, vessel. Higher power than Fig 288. (AvA.M.) 


that the nail simply glides forward over 
this region, some claim that the nail may 
he thickened by the addition of separate 
cornified elements. 

GLANDS OF THE SKIN 
In man the glands of the skin include 
the sebaceous, sweat, and mammary 
glands. The latter are described in a sepa- 
rate chapter. 

Sebaceous Glands. The sebaceous 
glands are scattered over the surface of 
the skin (except in the palms an-d soles). 


lids. The sebaceous glands in mucocu- 
taneous junctions are more superficial 
than those associated with hairs. 

The sebaceous glands vary from 0.2 to 
2 mm. in diameter; the largest, such as 
those on the nose, are not accessories of 
the hairs, but, on the contrary, each is pro- 
vided with a very small hair. 

Ihe secretory portions of the sebaceous 
glands are rounded sacs (alveoli). As a 
rule, several adjacent alveoli form a mass 
like a bunch of grapes, and all of them 
open into a short, excretory duct; in this 
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way a simple branched gland results. 
Much less frequently, only one alveolus is 
present. Sometimes, in very large glands, 
the excretory duct may branch; in this 
case there results a “compound” alveolar 
gland. In the Meibomian glands of the 
eyelids there is one long, straight duct, 
along the length of which there is a row 
of protruding alveoli. 

The excretory ducts of sebaceous 
glands are lined by stratified squamous 
epithelium which is continuous with the 
external root sheath of the hair or with 
the Malpighian layer of the epidermis. 


shrink and then disappear and the cells 
break down into fatty detritus which is 
mixed with horny scales. This is the oily 
secretion of the gland and is excreted 
either onto the hair or directly upon the 
surface of the epidermis. 

In sebaceous glands, the secretion re- 
sults from the destruction of the epith- 
elial cells and is, therefore, of the holo- 
crine type; it is followed by a regenera- 
tive multiplication of epithelial elements. 
In the body of the gland, mitoses are very 
rare in the cells lying on the basement 
membrane; they are numerous, however, 
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The wall of the alveoli is formed by a 
basement membrance which is supported 
by a thin layer of fibrillar connective tis- 
sue. Along the internal surface is a single 
layer of thin cells with round nuclei. To- 
ward the center of the alveoli a few cells 
cornify hut most of them increase in size, 
become polyhedral, and gradually become 
filled with fat droplets. The central por- 
tion of the alveoli is filled with large, mu- 
tually compressed cells, uhose cytoplasm 
is distended with fat droplets; after dis- 
solution of the fat, these cells appear 
coarsely vacuolated in sections. In the 
very thin strands of cytoplasm between 
the vacuoles the remains of mitochondria 
are still to be seen. The nuclei gradually 


in the cells close to the walls of the excre- 
tory ducts whence the new cells move into 
the secretory regions. 

Sweat Glands. The sweat glands are 
distributed along the surface of the skin, 
with the exception of the margins of the 
lips, the glans penis, and. the nail bed. 
They are simple, coiled, tubular glands; 
i- e , the secretory portion is a simple tube 
which is folded by several unequal twists 
into a ball, and the excretory duct is a 
narrow, unbranched tube (Fig. 291). 

The mass of the secretory portion is 
located in the derma and measures 0.3 to 
0.4 mm. in diameter. In the armpit and 
about the anus the bodies of some of the 
sweat glands may reach 3 to 5 mm. in 
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is penetrated by parallel fibrils ivhich con* 
sist of a special “onychogenic” substance. 
On passing into the substance of tlie prox- 
imal edge of the nail plate, these cells lose 
their fibrillar structure, cornify, and be- 
come homogeneous. 

As the new formation of the nail lakes 
place in the matrix, the nail moves for- 
ward. Although most authors deny the 
participation of the epithelium of the 
other portions of the nail bed in the for- 
mation of the nail substance, and believe 


TTiey lie in the derma and their excretory 
duct opens into the neck of a hair sac. 
^len several glands are connected with 
one hair, they are closely placed and lie aJ 
the same level. On the lips, about the cor- 
ners of the mouth, on the glans penis, and 
the internal fold of the prepuce, on the 
labia minora, and on the mammary pap- 
illa the sebaceous glands are independ- 
ent of hairs and open directly on the 
surface of the skin; to this category also 
belong the Meibomian glands of the eye- 



Fig. 289. Cross section of lateral edge of 9 nail and its surrounding parts: d, derma of nail bed; 
e, lateral nail -wall; n, nail plate; j>, dermal papilla; sc, sliatum corncum ol epidermis; sg, stratum 
granulosum; si, stratum liicidum; am, Malpigliian layer of epidermis; sm', Malpighian layer of 
nail bed; u, lateral nail grooM*; v, vessel. Higher power than Fig. 288. (AA.M.) 


that the nail simply glides forward over 
this region, some claim that the nail may 
be thickened by the addition of separate 
cornified elements. 

GLANDS OF THE SKIN 
In man the glands of the .‘•kin include 
the sebaceous, s^seat. and mammary 
glands. The latter are described in a sepa- 
rate chapter. 

Sebaceous Glands. The sebaceous 
glands are scattered over the surface of 
the skin (except in the palms and soles). 


lids. Tlie sebaceous glands in mucocu- 
taneous junctions are more superficial 
than those associated with hairs. 

The sebaceous glands vary from 0.2 to 
2 mm. in diameter; the largest, such as 
those on the nose, are not accessories of 
the hairs, but, on the contrary, each is pro- 
vided with a very small hair. 

Hie secretory portions of the sebaceous 
glands are rounded sacs (alveoli). As a 
rule, several adjacent alveoli form a ntass 
like a hunch of grapes, and all of them 
open into a short, excretory duct; in this 
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sUtUke or slarlike shape, ^vhile the myo- 
epithelial and glandular cells on the base- 
ment membrane are replaced by a double- 
layered, thin epithelium. The cells o£ the 
external layer have comparatively large 
nuclei and rather abundant mitochondria; 
the free surface of the cytoplasm of the 
cells of the internal layer is condensed 
and refractile. 

In the epidermis the lumen of the excre- 
tory duct is devoid of a wall of its own 
and is simply an intercellular channel sur- 
rounded hy concentrically arranged epi- 
dermal cells. The latter, in the Malpighian 


lumen. The excretory ducts open freely or into 
the hair sacs of the ejelashes. 

The secretion of the various sneat 
glands is not everjuhere alike; this is a 
reflection of the varying structure of the 
glands in different parts of the body. The 
true sweat, a transparent watery liquid, is- 
excreled mainly by the small sweat glands, 
while those of the axilla and 'about the 
anus produce a thicker secretion of a 
complex, unknown composition. In ^ 
women the apocrine sweat glands of the • 
axilla show periodic changes with the I 
menstrual cjcle. These changes consist 



layer, have fine, keratohyalin granules m 
their cytoplasm (Fig. 293). 

In certain parts of the skin the s^«eat glands 
ha^e a peculiar arrangement and function. Such 
are the glands iihich produce cerumen in the ex- 
ternal auditor) meatus. They reach a consider- 
able size and extend up to the perichondrium; 
their secretory portions branch and the excretory 
ducts, uhich sometimes al«o branch, may open 
together with the ducts of the adjacent sebaceous 
glands into the hair sacs of the fine hairs. In the 
terminal portions there are liighly dneloped 
smooth muscle cells; the glandular cells which 
are located upon them are particularly rich in 
Upoid-conlammg pigment granules. 

1/o/rj glands of the margin of t!ie eyelid are 
also a special kind of sweat gland with tenninal 
portions which do not form a ball, but are only 
irregularly twisted and are proiided with a wide 


mainly in enlargement of the epithelial 
cells and of the lumens of the glands in 
the premenstrual period, followed hy re- 
gressive changes during the period of 
menstruation (Fig. 294). 

Blood and Lymphatic Vessels of the Skin. 
The arteries which supply the skm are located 
ID the subcutaneous lajer. Their hranche®, reach- 
ing upward, form a network (rete cutaneum) 
(Fig. 295, /?) on the boundary line between 
the derma and the hypodermis; this is parallel to 
the'surface. From one side of this network 
brandie® are given off which nourish the sub- 
cutaneous stratum viith its fat cells, sweat glands, 
and tlvc deeper portion® of the hair sacs. From 
the other side of tins network vessels enter the 
derma; at the boundary between llie papillary and 
reticular layers they form the denser, suhpapil- 
lary network or the rete sulipapillare (Fig, 2%, 
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diameter. In these regions they are red 
and are located deep in the subcutaneous 
layer. 

At the transition of the secretory por- 
tion into the excretory duct the tube sud- 


P 



Fig 291 Sweat gland from the volar surface 
of an index finger. The drawing was made from 
a combined study of sections and a tca<‘ed prepa- 
ration: P, Sweat pore; Sc, stratum corneunj; SI, 
stratum lucidum; Sg, stratum germmalivum; El, 
elastic tissue surrounding the duct; Amp, am- 
pulla; D, sudoriferous duct. 45 X. Slightly modi- 
fied after v. Brunn. 

denly becomes thin. Coming toward the 
surface, through the derma, the duct is 
slightly twisted and curved In passing 
through the Malpighian layer and in par- 
ticular through the horny layer of the epi- 
dermis, it is spirally twisted. On the palms 
and soles and on the ventral surface of 


the fingers, the rotvs of ducts open on the 
ridges of the external pattern with funnel- 
shaped openings which can be seen easily 
with a magnifying glass. 

The walls of the secretory portion are 
composed of a thick basement membrane. 
Externally it is supported by a slightl\ 
thickened layer of connective tissue. Di- 
rectly inside the basement membrane are 
flattened spindle-shaped cells 30 to 90 p 
in length, with their long axis parallel or 
slightly tangential to that of the glandu- 
lar lube. They contain an elongated nu- 
cleus. and fhe rest of the cell is filled widi 
longitudinal fibrils. It is supposed that 
these “mjo-epithelial” cells, by contract- 
ing, iielp to discharge the secretion. The> 
arc particularly numerous and are highly 
developed in the large sweat glands of the 
axillary and perianal regions. 

Tiie glondular cells which excrete sweat 
have a cubical or truncated pyramidal 
form and are located in one layer upon 
llie inyo-epitbelial cells in such a fashion 
that tlieir bases enter the spaces between 
them. At the base is a rather -large round * 
nucleus ; the cytoplasm contains mitochon- 
dria and, near the lumen of the duct, a 
I varying number of secretory granules and 
V vacuoles, depeiiding on the functional 
state of the cell. Sometimes there are also 
fat droplets, glycogen and pigment gran- 
J ules. The presence of pigment explains 
why the secretion of certain sweat glands, 
as the axillary, appears stained. The free 
surface of the cells often shows protru- 
jsions of protoplasm, as constricted buds, 
which were believed by some to separate 
and become a part of the secretion lapo- 
crine glands). 

Between these glandular cells there are 
typical secretory capillaries. The caliber 
and the shape of the free lumen of the 
secretory portion fluctuate greatly with 
the functional slate of the gland. 

The glandular tube jn passing over into 
the excretory duct suddenly becomes much 
narrower, the lumen acquires a simple. 
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derm, while the derma arises from the mesen- 
chyme. 

Epidermis. The epidermis in the human em- 
bryo, during the first two months, is a double- 
la)ered epithelium. The basal Ia>er which lies 
on the mesenchyme consists of cuho»dal or cylin- 
drical cells which multiply energetically. The 
peripheral layer consists of flat cells which are 
constantly formed anew from the elements of the 
deeper layer. 


The irregularities on the lower surface of the 
epidermis arise at the end of the third month 
on the inner surfaces of the fingers, palms, and 
soles as parallel ridges protruding into the derma ; 
from the beginning they show a characteristic 
pattern. From them sweat glands develop. Pro- 
truding, longitudinal cushions corresponding to 
the ridges are formed, on the external free sur- 
face of the epidermis. 

Derma. The derma and hypodermis consist 



Fig. 294. Axillary glands, from a woman of thirty-seven years, during the premenstruum: a. Greatly 
enlarged glands which change with the menstrual cycle and, e, glands which do not change. Resorcin- 
fuchsin stain for elastic fibers, (Preparation of Loescke.) 110 X- After Hoepke. 


Beginning with the third month, the epidermis 
becomes three layered. Hie new intermediate 
layer above the basal cells consists of polygonal 
cells which increase in number and become inter- 
connected by intercellular bridges. At the end 
of the third month, in the peripheral portions 
of the intermediate layer, cornification begins 
and leads to the formation of the layers as found 
in the adult. The horny scales are desquamated 
and form part of the vcrnix caseosa. Pigment 
granules, e\ en in heavily pigmcnied races, usually 
appear in the deep cells of the Klalpighian 
layer only after birth. 


during the first month and a half of mesen- 
chyme with wandering cells. From the second 
month on, the fibrillar interstitial substance 
appears. Elastic fibers appear later. In still later 
stages, the mesenchyme divides into a peripheral 
dense layer with a compact arrangement of its 
elements — the derma — and the deep loose layer, 
the future subcutaneous layer. In the derma, in 
turn, the peripheral papillary layer differentiates. 

Hair, In man, hair first appears jn the eye- 
brows and on the chin and upper Iip, at the 
end of the second month. At first, in the deep 
layer of the epidermis, a group of cylindrical, 
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J?/)), This Rives off llun branches vvlisch enter 
the papillae and form nelvsorks inside tlicm. 

The veins \%hich collect the blooii from llie 
eapillaries in the papillae form the first network 
dI very liiin veins immediately beneatir tiie papll* 



Fi^. 293. Section through the skin from the 
head of a man of iwemy-two years. The end of 
the excretory duct of a sweat fiJand" E, Eleidin; 
K, keralohyalin; D, degenerating cells; V, h)pfr% 
trophic cells. 600 X- Drawing by Vierlme, after 
Hoepke. 

lae. Then follow three fiat networks of graduaiiy 
enlarging veins on the boundary line between 
the papillary and reticular layers. In the middle 
section of the derma and also ui the boundary 
beiueen the derma and the subcutaneous tji^, 
the venous network « on the same letel as the 


arterial rete cutaneum.- Into ihh network the 
veins of tbe sebaceous and the sweat glands enter. 
From the deeper network tlte large, independent, 
subcutaneous veins pass, as well as the deep 
veins accompanying the arteries. 

Each hair sac has its own blood vessels. It is 
supplied witli blood from three sources; From 
a special small artery sriiich gives off a capib 
laty network into the papilla, from the rete suh- 
papillate toward the sides of jJie hair sac, and 
from several oilier small arteries which form a 
dense capillary network in ibe connective tissue 
)a)er of the follicle. 

Hiere i» a dense network of capillaries outride 
the basement membrane of the sebaceous and, 
in particular, of the sweat glands. 

Tlie skin is xfcfi in lympfiatic vessels. In the 
papillary lajer they form a dense, flat mesh- 
work of lymphatic capillaries. They begin in the 
papillae ns networks or Wind outgrowths wliich 
ore always deeper than the blood vessels. Frost 
this peripheral network branches pa*s to the 
deeper network which lies on the boundary b^ 
tween the derma and the b.vpodcrmis, under the 
rete cutaneum; it lias mucli wider medics and 
its vessels are provided with tabes. From the 
deeper network large, subcutaneous lymphatic 
vessels originate and follow the blood vesseb. 
Lymphatic vessels are not connected with the 
hairs or the glands of the skin. 

Nerves of the Skin, Tlie skin, with bs accev* 
series, serves as an organ for receiving impulses 
from the external environment; it is accordingly 
abundantly supplied with sensory nerves. In ad- 
dition. it contains nerves which supply tlie Hood 
vessels, muscles, etc. . 

In the subcutaneous stratum are rather thick 
nenc bundles which form networks composed 
mainly of myelinated and some nonmyelinated 
fibers. The brandies which are given off by 
this reticulum form, in the derma, several new 
thin plexuses. Among them the network on the 
boundary between the reticular and papillary 
layers stands out clearly as does aho the sub- 
epithelial one. 

In all the layers of the hypoderml?. derma, 
and epidermis are many different kinds oi nerve 
endings. These ore discussed in the 'eclion on 
the Nerve Endings. Among them, the sensory 
endings probably are all connected whh the 
craniospinal myelinated fibers; the nonmjeh'n- 
ated fibers lead to the blood vessels, smooth 
museles and glands. The abundant nerves of the 
haw undoubtediy play an important pan in th^ 
rereption of tactile sttmull. 

Histogenesis of the Shin and of Its Aeces- 
soriesi Tiie epidermis develops from the ecto* 
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fifth month, and without the participation of 
fceratohyalin, m the portion of tlie nail i>ed near 
the proximal nail {:roo\e. Here the deep laaer 
of the epidermis is transformed into the nail 
matrix and its cells are penetrated by the fibrils 
of on>chogenic substance; they become flat, ad- 
join one another closely, and give rise to the true 
nail plate. In the heginning it is still thin and 
is entirely buried in the epidermis of the nail field 
or bed. It gradually moves m the di-tal direction. 
Tlie Ia)ers of epidermis which cover tlie plate 
eventually desquamate. 

Sueaf Glands Tlie development of the sweat 
glands in man proceeds independently of the 
hairs in most places of the skin The first pri- 
mordia appear during the fifth month on the 
palms and soles and tlie lower surface of the 
fingers. At first they are similar to tlie primordia 
of the hairs. An epithelial shaft with a terminal 
thickening grows into the underlying connective 
tissue. Dut unlike that about the hairs, the con- 
neclive tissue here does not condense about the 
epithelium The shaft gradually elongates, be- 
comes cylindrical, and its lower portion curls in 
the form of a ball. Beginning with the seventh 
month an irregular lumen forms in lhi« lower 
portion which constitutes the secretory part; 
along the course of the future excretory' duct an- 
other lumen develops and later unties xvith the 
former. In the secretory portion tlie epiilieliiim 
around the lumen forms two layers, whicli difler- 
entiate into an external layer of mvo-epilhetial 
elements and into an internal layer of glandular 
cells. 
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dividing cells appear. These prow into the under* 
})ing connective tissue and produce a grsdualif 
elongating, epithelial cylinder. Tliis is tite pri* 
inordium of a hair follicle, the so<a]led ‘‘hair 
pemr; it is rounded and slightly flattened on its 
end. Under the latter an accumulation of con- 
densed connective tissue oppears very early. From 
it the hair papUh forms and prolru<les into tlie 



Fig. 295. Uistrihution of hlood vesscis jn the 
skin: s, Subcuuneous tissue; r, reticular layer 
of derma; p, papillary la)er of derma; R, rele 
ciiljneum; Rp, rete subpapUlare. Modified 
slightly after v. Brunn. 

epithelial mass of the Lulb (or germ). The 
epithelial cells at the surface of the connective 
tissue papilla represent the matrix of the future 
hair. The connective tissue which surrounds the 
bulb later forms the conneatire tissue portions 
of the hair sac. On the surface of the epithelial 
hair bulb, two projections arise; the upper repre- 
sents the primordium of the sebaceous gland; its 
central cells early undergo a fatty transforma- 
tion. The lower protuberance is located at the 
place of attachment to the hair sac of the 
arreclor pili muscle. 

In the mass of the epithelium which forms the 
hair primordium, tljcre differentiates a layer 
of rapidly cornilying cells. Tins la^er has the 
shape of a hollow cone open toward the papilla; 
it is the primordium of the internal root siieaih. 


in which Henle’s layer is the first to appear. The 
mass of the cells on top of the papilla represents 
the primordium of the shaft itself and heconies 
coTntHed a Jillle later. Tlie layer of epitlicliura 
which remains on th© outside of the sheath of 
Wcnle becomes the external root sheath. The 
shaft of the new hair elongates, due to the multi- 
plication of celis of the matrix on the summit 




Hg. 296, Two eariy hair primordia of the 
fronUf skin of a three months' embryo 1; Fir?t 
primordium; C, border of the derma; RC, hair 
canal cells; fffC, Iiair germ; P, primordium of 
the papilla; 2: sHehtly later stage, UB, primor- 
dium of the dermal hair sheath; fP, external rof* 
sfieath. 740 X- After Schaffer. 

of the papilla and perforates the top of the hol- 
low cone of ffetile’s sheath. The tip of the hair 
moves upward, pierces the epidermis and pro- 
trudes above the surface of the skin. 

Rails. The development of the nails begins in 
the third month by the formation, on the back 
of the terminal phalanv of each finger, of a flat 
area, the primary nail field. Tiffs is surrounded 
by a fold of the skin fn the region of the nad 
the epiilielium has three or four layers. The 
true wail substance is laid down during the 
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Cera to move freely in the cavity. The wall 
of the digestive tube js riclily provided 
with blood vessels which bring nutritive 
materials and oxygen as well as the raw 
materials necessary for the secretory ac- 
tivity. These vessels carry a large part of 
the absorbed products of digestion from 


THE ORAL CAVm' 

The mucous membrane in the mouth is 
similar to the skin. The epithelium is of 
the stratified squamous type and in its 
deeper layers is more or less distinctly 
fibrillated. In man, under physiologic con- 
ditions, it does not undergo cornification. 


serous Ja A ^ ,mcscnteiy 
membrane. 


lar^c ^lond 
(os pancreas) 


lamina 
propria 
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Janets of 
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tongtfudinol lay) 
muscularis CKierria 

Fig. 297. Diagram of cross section of iniesimal tract. Tn the upper half of the drawing the mucous 
membrane is provided with glands and vil]i, in the lower half it contains only glands. 


the mucous membrane of the small intes- 
tine to the rest of the body. The rest of 
the absorbed products enter the lym- 
phatics of the intestines. Tlie wall of the 
digestive tract contains an intricate sys- 
tem of sympathetic nervous ganglia and 
plexuses which regulate the movements of 
the lube. 


The nucleus of the cells of the superficial 
layers shrinks and degenerates, but does 
not disappear, and the cell body does not 
reach the same degree of flatness as in 
the epidermis. These superficial cells are. 
alwaj's shed in large quantities and are 
found in the saliva. In some places they 
contain granules of keratohyalin. In the 



Chapter XVI 


THE ORAL CAVITY AND 
ASSOCIATED STRUCTURES 


GENERAL REMARKS ON THE DIGESTIVE SYSTEM 


The digestive system is a long, winding 
tube which begins with the lips and ends 
with the anus. On its way through this 
tract the food undergoes complex me- 
chanical and chemical changes. It is 
minced and ground by the teeth, is for- 
warded through the tube by tlie contrac- 
tion of its muscular walls, and is digested 
by the secretions of the various parts of 
the alimentary system and its auxiliary 
glands. A part of the digested food is ab- 
sorbed by the walls of the intestine and 
passes into the circulation whicli carries 
it into the tissues of the organism; the 
residue is eliminated as feces. 

The digestive tract consists of the fol- 
lowing successive parts: Mouth, pharynx, 
esophagus, stomach, small intestine, large 
intestine, and rectum. The functional con- 
dition of one segment causes certain func- 
tional changes in the following and thus 
the regular sequence of the processes 
necessary for the digestion of food is 
assured. 

In the embryo the entoderm is trans- 
formed into the epithelial structures of 
the alimentary canal; the visceral meso- 
derm gives rise to its connective and mus- 
cular tissues. In the adult the inner sur- 
face of the w'all of the digestive tube is 
lined throughout by a mucous membrane. 
It consists of a superficial layer of epith- 
elium and of a layer of connective tissue, 
the lamina propria. The wall of the tube 
contains smooth muscles w’hich form the 
muscularis externa. (See Fig. 297). 


In most parts of the digestive tube the 
outer limit of the mucous jrjemhrane is 
marked by a thin, muscular layer, the 
muscularis mucosae. Between it and the 
muscularis externa, there is a layer of 
loose connective tissue, the tela sxibmu- 
cosa. Wliere the muscularis mucosae is ab- 
sent, the lamina propria gradually passes 
into the submucosa. 

In ilie adult the mucous membrane 
forms numerous outgrowths which in- 
crease the surface of the epithelium. The 
mucous membrane of the mouth forms the 
teeth. The mucous membrane is provided 
with many invaginations, the glands or 
crypts. They are lined by epithelium 
which continues into them from the sur- 
face; some of them elaborate liquids 
which split the food into its simple chemi- 
cal constituents — digestion — while others 
produce mucus which lubricates the sur- 
face of the mucous membrane. Some of 
the glands remain confined to the thick- 
ness of the mucous membrane. Others 
grow to such an extent that they become 
separate organs, connected with the epith- 
elial surface from which they originated 
by long excretory ducts. In the oral cav- 
ity, esophagus and rectum, the wall of the 
digestive tube is surrounded by a layer 
of dense connective tissue which attaches 
it to the neighboring organs. The outer 
surface of the stomach and intestines, 
which are suspended in the peritoneal cav- 
ity by the mesenteries, is covered with a 
serous membrane which permits these vis- 
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brane can be easily lifted into folds. In 
tliose places against which the food is 
crushed and rubbed, as on the hard palate, 
there is no submucosa, and the mucous 
membrane is firmly connected with the 
underlying periosteum or muscles. 

Tlie inner zone of hie lip marpin in llie new- 
born is considerably tliicLened and is cox-cred 
xvitli hairless sebaceous plands and contains 
many hipli papillae. This seems to facililale the 
process of sucking. Into ilie«c free papillae pro- 
ject the labial glands. The labial mucous mem- 
brane contains small, mixed glands (see below). 

The soft palate consists of laj ers of stri- 
ated muscle and fibrous tissue on both sur- 
faces and on the posterior margin. It is 
covered with a mucous membrane. On the 
oral surface the latter has the structure typ- 
ical of the oral caxity — a stratified squa- 
mous epithelium, high interepilheh'aJ pap- 
illae, and glands oi the pure mucous type. 
These are surrounded by adipose tissue 
and are scattered in a loose submucous 
layer separated from the lamina ^opria 
by dense elastic neluorks. This oral type of 
mucous membrane also cox ers the poste- 
rior margin of the soft palate and continues 
upon the nasal surface. On this surface, at 
varying distances from the margin, the 
stratified epithelium is substituted by 
pseudostratified, ciliated columnar epith- 
elium (“respiratory epithelium”) xvliich 
rests on a thickened basement membrane. 
The lamina propria contains sn^I glands 
of the mixed type, but no adipose tissue, 
and is infiltrated xvith lymphocytes. A 
dense layer of elastic fibers is found be- 
tween the glands and the muscles. A sub- 
mucosa is not present (Fig. 299). 

THE TONGUE 

The tongue consists of interlacing bun- 
dles of striated muscle xxhich run in three 
planes and cross one another at right 
angles; the muscular mass is cox'crcd by 
a tightly adherent, mucous membrane. 
Tlie dense lamina propria is fused xxiUi 
tlie interstitial connectixe tissue of the 


muscle and a submucous lajer is present 
only on the under surface. While the 
lower surface of the tongue is smooth, the 
dorsal surface is uiiexen and shoxx's a 
striking difference in its anterior part — 
the body — and in its smaller, posterior 
part — the base or root of the tongue. In 
the first the mucous membrane is covered 
by a multitude of small excrescences of 
xarying form — the papillae: in the second 
it presents only irregular bulgings. The 


. F g.D g.O 



Fig. 299. Portion of a Bagiltal section tliiougli 
tlie soft palate of a girl of nine years: nF, Na«al 
surface; F, ciliated epithelium with goblet cells; 
g.D, mixed glands; ig, infraglandular layer of 
elastic fibers; fll, musculature; o F, oral surface; 
P, stratified squamous epithelium xvith papillae; 
Sd, mucous glands; S, submucosa. Resorcin- 
fuclisin slam. 12 X. After Schumacher. 

boundary line between the txx-o regions is 
V-shaped, with the opening of tlie angle 
directed forward. This is the gustatory 
region of the tongue. At the bead of tjie 
angle is a small invagination of the sur- 
face, the foramen caecum. It is the rudi- 
ment of the thyroglossal duct xxhich in 
early embryonic stages connects the thy- 
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cells of the middle and superficial layers 
there is usually some glycogen. In many 
animals the epithelium of the oral cavity 
undergoes extensive cornification. 

The lamina propria • is provided, in 
most places, with papillae similar to those 
of the skin. Tlie structure is, however, 
more delicate, and the collagenous and 


pria, nliich in turn sends small branches 
into the papillae. The lymphatics also 
show an arrangement similar to that in 
the skin, and begin with blind capillaiy 
outgroulhs in the papillae. 

The oral mucous membrane is very sen- 
sitiie and is provided irifh many nerves 
belonging to the sensory branches of the 


Thickened epi- 

, theUum (for 
sucking) 



Fig 298. Camera lucida drawing of sagittal section through tip of newborn infant. Stained with 
2ieniatu.Y>}in. 10 X- tlrawn bj Miss £. Boliltnan. 


elastic fibers thinner than in the derma. 
In the posterior section of the oral cavity, 
it contains many lymphocytes which are 
often found migrating into and through 
the epithelium. The arrangement of the 
blood vessels is similar to that of the skin. 
There is a deep submucous plexus of large 
vessels, from «hich branches arise and 
form a second plexus in the lamina pro- 


trigeininal ner%’e (lingual nerve). It also 
contains the specific end organs of the 
sense of taste (p. 357} . 

In most places under the lamina pro- 
pria, especially in the cheeks, and on the 
soft palate, there is a fat-containing. loose 
submucosa into nhich the dense connec- 
tive tissue of the mucosa gradually 
merges. In such places the mucous mem- 
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rokl gland primordium witli the surface 
epithcliuin of tlie oral cavity. 

Papillne. Three types of papillae arc 
present on the body of the tongue: (1) 
The filiform, (2) the fungiform, and (3) 
the circumvaliale. The first are arranged 
in more or less distinct rous diverging to 
the right and left from the middle line 
and parallel to the V-shaped gustatory 
region. The fungiform papillae are scat- 
tered singly between the filiform and are 
especially numerous near the end of the 
tongue. The circumvaliale papillae, num- 
bering 10 to 12 in man, are arranged 
along the gustatory lines. 

The filiform papillae are 2 to 3 mm. 
long. Their core is a connective tissue 
ridge beset with numerous, secondary 
papillae with pointed cuds. Tlie epithelium 
wliich covers these connective tissue out- 
growths follows their outlines and also 
forms short, secondary papillae which 
toper at their ends into long pointed proc- 
esses (Fig. SOI). In man the superficial 
squamous cells arc transformed into hard 
scales containing shrunken nuclei. Their 
substance, however, is not true keratin. 
While the axial parts of the scales at the 
point of the papilla arc connected with its 
solid axial strand, their lower edges pro- 
ject from the surface of the papilla in the 
fashion of the branches of a fir tree. When 
digestion is distiirlied the normal shed- 
ding of these scales is delayed and they 
accumulate, in layers mixed with bacteria, 
on the surface of the tongue which thus is 
covered with a gray film — the “coaled” 
tongue. 

The fungiform papillae reach a height 
of 0.7 to 1.8 mm. and a thickness of 0.4 
to 1 mm.; they have a short, slightly con- 
stricted stalk and a spherical, slightly Oat- 
tened, upper part. The connective tissue 
core forms many secondary papillae; the 
epithelium covering tliem has a smooth 
free surface (Fig. 302) . On many, but not 
all, of the fungiform papillae the epith- 
elium contains taste buds in the second- 


ary papillae. As the core is rich in blood 
vessels, the fungiform papillae have a 
marked red color. 

The circumvaliale papillae are sunk into 
the surface of the mucous membrane and 
each is surrounded by a deep, circular fur- 
row^l lo 3 mm. in diameter. In a perpen- 
dicular section the papilla lias an inverted 
conical form. TIic connective tissue core 
forms second.nry papillae only on the 
upper surface. The covering epithelium is 



Fic. 302. Pcrpcntlicular section tliroupli a 
fun;:iforni papilla from the tonp;ue of a man: 
A, Arlciy; B, connccliie lissoe stroma of the 
funcUorm papilla; KIl, keralohjalin granules in 
the superficial cells of a filiform papilla; M, cross 
striated muscle fibers; N, nerve; P, secondary 
papillae; F, vein; Z, cellular stroma witii lym- 
phatic and blood vessels. 46 ><• After Schaffer, 
fmm Scliumaclier. 

smooth while that of the lateral surfaces 
of the papillae contains many taste buds 
(Figs. 303, 305), 

In a vertical section, 10 to 12 of them 
can be seen on the lateral surface of the 
papilla. In the outer ivall of the circular 
groove surrounding the papilla a few taste 
buds may be present. The number of taste 
buds in a single papilla is subject to great 
individual variations. On the average it 
has been estimated at 250. 

Connected with the circumvaliale papil- 
lae arc glands of albuminous type (glands 
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Fig. 300. Tiic sufface of a Iiuraan tongue: I an<I 2, Valiaie papillae; 3> fungiform papillae; 4, rows 
of filiform papillae; 5, lingual tonsils; 6, palatine tonsils; 7 epigloiiis; 8, median glosso-epiglott/c 
fold. After Sappej, from Sciiumacher. 


Fungiform papillae 



Fig. 301. Surface of the dorsum of the tongue, drawn through a combined study with the binocular 
microscope and of sections. The anterior cut surface corresponds with the long axis of the lonsue 
the tip of the tongue being to the readers lefL 16 X- After Braus. 



THE ORAE CAVITY AND ASSOCIATED STRUCTURES 


357 


of Vy Ebner) whose bodies are embedded 
deep in the underlying muscular ti^sue 
and whose excretory ducts open into the 
bottom of the funow (p. 364). The con- 
nective tissue of the papillae and of the 
outer wall of the furrow sometimes con- 
tains a circular bundle of smooth muscles 
and accumulations of lymphoc)tes, espe- 
cially around tiie secretory ducts of the 
glands of v. Ebner. 

On the lateral surface of the posterior part of 
the tongue the paired foliate papillae nia> be 
found. In man they are rudimentary, while m 
many animals they are highly devefoped and 
represent the main peripheral organ of taste. The 
fully developed foliate papillae, as found on 
the tongue of the rabbit, are longitudinal, o\al 
bulgings on the mucous membrane. The> con- 
sist of many parallel, transversely arranged ridges 
with deep grooves betl^een them. The epithelium 
of the lateral surfaces of the ridges, which face 
each other, contains many taste buds. Small 
albuminous glands open into tlie bottom of the 
furrows between the ridges 
In addition to those on the surface of the 
tongue, taste buds are found on the glossopataline 
arcb, on the soft palate, on the posterior surface 
of the epiglottis, and on the posterior wall of 
the pharynx down to the level of the inferior edge 
of the cricoid cartilage In the newborn tbeir 
number is larger than in the adult. Tiie upper 
free surface of the citcumvallale papillae carrie* 
them in the newborn, although they disappear 
from this place m later life. 

The bulgings on the root of the tongue are 
caused by peripheral Ivmpliatic nodule*, the 
lingual tonsils, and the follicles of the tongue 
(Fig. 301). On the free surface of each lingual 
tonsil a small opening can be noticed. It leads 
into a deep, irregular imagination lined with 
stratified squamous e|iithelium — tl e crjrpt. TJie 
epilhelium of the crvpt is surrounded by lym- 
phatic tissue; innumerable bmphocytes infiltrate 
the epithelium and as^emh'e in the lumen of the 
crypt, wliere they degenerate and form masses of 
detritus with the deviiudmated epithelial cells 
and bacteria. The lingual tonsils are often con- 
nected with small gland* of the pure mucous 
type whose secretorv portions are embeilded in 
the underlying mu*cle ti—ue, while their excre- 
tory ducts open into the crypt or on the free 
surface. 

Tnstc Bmls. The taste buds have the 
fonti of a barrel or a flask with a wide 


bottom and a short neck. Under low 
power they are seen in sections as pale, 
oval bodies in the darker stained epith- 
elium. Their long axis measures about 72 
H, Tliey stand upright in the epithelial 
layer and extend almost through its whole 
thickness, from the basement membrane 
to the surface. The superficial layer of 
squamous epithelial cells over each taste 
bud is pierced by a small opening — the 
outer laste pore. 

Two cell types are usually distinguished 
among the constituents of a taste bud — 
the supporlitig cells and the neuro-epith- 
dial taste cells. Among the former, periph- 



Fig. 305. Two taste buds from side of circum- 
vaifate papilla of .Macacus rhesus, showing taste 
pores al P. Drawn by Miss E. Roblman 

eral and central cells are described. The 
first are thick, spindle-shaped cells 
slightly flattened transversely and resem- 
bling a slice of a melon. They are con- 
nected with one another by tbeir sides and 
thus constitute the thick wall of the bar- 
rel. Toward the upper pole of the bud 
they la|>er down and their ends surround 
a small opening, the tuner taste pore, 
which lies beneath the outer pore and 
leads into a pillike excavation. The walls 
of the latter are formed by the free ends 
of the central supporting cells which have 
a more slender form and are shorter the 
nearer they stand to the axis of the bud. 
They end at a lower level than the per- 
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zeroes zsd nrueez* ccHf — tiro fcrrrtion is 
a core cr I^s Tiscid Urcd cc^iainirc 
cccin. sails, ard f^ralc. 

All gUsd? cf iht oral carirr pcfsess a 
STslera of trasAcg exerrtory ducts. The 
socreiorT portions in the pare macous 
glands are usaallp lone, branching tii- 
bales. In the pare albacinoas and railed 
glands the secretorr portions vary from 
oral acorns to tnboloacinar forms pro- 
vided tvilh irregular outpochetions. 

The initial intralobular duels are thin« 
branched tubules called the necls or isth- 
muses or intercalated ducts. The next 
larger order of branches, also located in 
Ihe interior of the smallest lobules, has a 
peculiar striated epithelium; these ducts 
are called ‘'striated” (or “salivar)*”) tu- 
bules. Then follow the larger branches; 
among them (in the large glands) lobular, 
sublobular, interlobular, and priraar}* 
ducts may be distinguished. 

HIucous Cells. In the pure mucous 
glands the mucous cells are arranged in a 
layer against the basement membrane and 
have an irregularlycuboidal form. In fresh 
condition their q-loplasm contains many 
round, pale droplets of mucigen, the ante- 
cedent of mucin, nhile the nucleus is invis- 
ible. In fixed and stained sections the drop- 
lets of mucigen are usually destroyed so 
that the cell body appears clear and con- 
tains an artificial network of cytoplasm 
and precipitated mucigen. This network 
stains in the manner which h typical of 
mucin, that is, red with mucicarmine, or 
metachromatically purple with blue, basic 
aniline dyes like Ihioiiin. ’nic nucleus is 
at the base of tlie cell and usually appears 
angular and compressed by the accumula- 
tion of mucigen. Tlic cylocciUrura occu- 
pies the middle of t)ie pale cell body; 
between the droplets of inucigen a few 
mitochondria and fragments of a Golgi 
net can be found. The free surface of tlie 


ratxots cdU is usually prv'\jde\I a 
delicate netwc»rk of terminal Kars. 5ociv'' 
tory canaliculi are absent. Vsiunlly the 
lumen cf the ternunstl jH'rtions is l.trp' 
and filled with masses of mucin. 

When the secretion leaves the evil it 
collapses, its evtophtsm increases rel.a- 
thely in amount and only a few gramih'S 
of mucigen may remain confineil to its 
free surface. Tljc nucleus rise's fnun the 
base of the cell and becomes round. In 
this condition the mucous cells may be 
mistaken for albuminous cells, Tlie ah- 


a b 



Fig. 306. Alhuminoiis pland of n vnllalo paplll.i 
of a "hinclecn-jear-old man, rliouing ilifTorriU 
lunciional stales. Tlic secretory cycle h inilic.Ucil 
by Ihe letters a to p. Centriolcs in lliree rcIN. 
Basal cells ore seen lictuecn tiie secreliiij: celN 
and the basement membrane. Iron henintoxylln 
slain. After Ztmmermann. 

scnce of secretory capillaries always tlis- 
linguishes them from albiimitious cells. 
The demonstration of tlte^o cajtillarlcs re- 
quires special staining methods. Under 
physiologic conditions, the imicniis cells 
rarely discharge all of their granules. 

The most reliable criterion for soparnl- 
ing mucous and serous cells is the posliive 
staining of imiciis in the former. 'I'lic 
staining reactions of the niitcin elahoraled 
by different imicous cells is not the satiie 
even in the same gland. Sonielinies the 
mucous cell contains fat drojilpts. I1ip 
mucous cells, as a rule, do not show any 
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ipheral cells. Inside of the bud, between 
the supporting cells, the taste cells are 
distributed. Their number in a taste bud 
has been estimated at 4 to 20. Tliey have 
a slender, rod-shaped form with a nucleus 
in the middle and on the free surface a 
short, hairlike process, the taste hair, 
which projects freely into the lumen of the 
pit. The lower end of these cells termi- 
nates in a small rounded knob. 

Nerves. The anterior two thirds of the tongue 
is innervated by the lingual nerve, which con- 
tains irieeminal fibers of general sensibility and 
facialis fibers of gustatory sensibility. The latter 
enter the lingual nerve from the cliorda lympani. 
The posterior third of the tongue is innervated 
by the glossopharyngeal nerve for both general 
and gustatory sensibility. Taste buds of the 
epiglottis and lower pharynx are innervated by 
the vagus. These nerve fibers are lightly myelin- 
ated. They branch profusely under the basement 
membrane, lose their myelin, and form a sub- 
epithelial plexus, from which fibers penetrate the 
epithelium. Some terminate as iniergemmal fibers 
by free arboTization betiveen the taste buds,* 
others, the perigemmal fibers, closely envelop the 
taste buds; and still otliers, the intragemmal 
fibers, penetrate the taste buds and end with 
small terminal enlargements in intimate contact 
with the taste cells. The functional significance 
of these different nerve endings is unknown. 

Histopliysiologic Remarks. Physio- 
logic analysis shows that only four fun- 
damental varieties of taste sensations exist 
— sweet, bitter, acid, and salty. It has 
been shown by the application of sub- 
stances to individual fungiform papillae 
that they differ widely in their receptive 
properties. Some do not give any taste 
sensations, while others give sensations of 
one or more taste qualities. No structural 
differences in the various taste buds have 
been found, in spite of the differences in 
sensation mediated. There is, moreover, a 
general chemical sensitivity in regions of 
the mouth where there are no taste buds. 

GLANDS OF THE ORAL CAVITY 

General Description. Numerous sali- 
vary glands open into the oral cavity. 


Many of these are small glands in the mu- 
cosa or submucosa and have special 
names according to their location. Tliey 
seem to secrete continuously and furnish 
a liquid, the saliva, which moistens and 
lubricates the oral mucous membrane. In 
addition to these tliere are three pairs of 
large glands which constitute the salivary 
glands proper. They are the parotid, the 
mandibular {submaxillary), and the rub- 
Ungual glands. They secrete only when 
mechanical, thermal or chemical stimuli 
act upon the nerve endings in the oral mu- 
cous membrane, and as the result of cer- 
tain psychic or olfactory stimuli. The sa- 
liva secreted by the large glands may he 
very abundant and helps prepare the food 
for digestion in the stomach and intestine. 

The saliva collected from the oral cav- 
ity is a mixture of the secretions of the 
various salivary glands. It is a viscous, 
colorless, opalescent liquid which con- 
tains w'Bler, mucin, some proteins, min- 
eral salts, and an enzyme (ptyalin) which 
splits starch into water-soluble, less com- 
plex carbohydrates. Saliva always con- 
tains a varying number oi desquamated 
squamous epithelial cells and salivary cor- 
puscles; most of the latter originate in 
the follicles of the tongue and in the ton- 
sils and are degenerated lymphocytes or 
granulocytes. 

The quality of the saliva collected from 
the oral cavity varies with the predomi- 
nant participation of one or the other of 
the glands in its formation. But even the 
secretion of one gland may change con- 
siderably with variations in the stimuli 
acting upon the oral mucous membrane, 
as, for instance, with different kinds of 
food- 

These glands may be classified in three 
categories according to the type of their 
secretory cells. The glands containing 
only mucous cells elaborate a viscid secre- 
tion which consists almost exclusively of 
mucin. In glands with only albuminous 
cells the secretion is a “serous” or “albu- 
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Lined into one grovip and gneu a general 
name because histologic methods arc not 
sensiliie enough to make the difterences 
risible microscopically. In many cases 
their secretory granules gi\c a more or 
less distinct staining reaction for mucus 
w'itli mucicarmine; such cells are called 
“muco-albuminoiis” or “niucoserous” 
! also “trophochrome”) . 


the albuminous cells predominate, some 
of the terminal portions may be exclu- 
sively albuminous. In others a part of the 
secretory portion is lined v\ith mucous, 
and a part nith serous cells. In sections 
the mucous portions can often be recog- 
»ired by their clear aspect but more cer- 
tainly b) their color after specific staining 
of the mucus. 



Fig 308. Reconjtruction of a terminal portion and ns duel of a subma’cillary gUnd: a. Section 
tlirotigh the >>liole model , l>, cross section of a purelj serou-, tertmnal ponton, siiowing basal lamellae ; 
(, cross section through a purely mucous icrromal portion, rf, cross section through an mtercalaled 
portion: e, cross ^ecllon tlsrough a salivary duct Redrawn and modified after a reconstruction L> 
Vierling, from Btau*. 


The Cells in the Illixctl Glands. The 
relative number of the two kinds of glan- 
dular cells in the inned glands varies 
tMlhin wide limits. In some cases the al- 
buinuious cells are far more numerous 
than the mucous cells, while in other cases 
the reverse is true; in still other instances 
both ceil types are present in about equal 
tiimibers. The mucous and albuminous 
cells line diilerenl parts of the terminal 
portion. In those mixed gland’ in which 


As a rule, the mucous cells are near the 
excretory ducts, while the serous cells are 
confined to the blind end of the secretory 
portion. It is quite probable that the mu* 
cous cells in mixed glands arise through 
the mucous transformation of the cells in 
the smallest excretory ducts, the necAs or 
tst/tmuses Sometimes single mucous cells 
are scattered betw een the unchanged cells 
of the isthmus. In otlier cases the part of 
the isthmus directly adjoining the ler- 
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signs of degeneration; mitoses have occa- 
sionally been observed in them. 

Anmminous Ceils. These elements, 
^vlien hiied ^vith secretion in a resting 
gland, in fresh condition, contain a mul- 
litude of small, highly refractilc, jecrction 
granules, in a homogeneous cytoplasm. 
The cell boundaries are not distinct. The 
roughly cuboidal cells surround a small 
tubular lumen. 

The secretory granules of the albumin- 
ous cells accumulate between the nucleus 


ing; it occupies a position at the base of 
llie cell and may show irregular indenta- 
tions. Besides the secretory granules, the 
cytoplasm contains rod-shaped mitochon- 
dria and a Golgi net above the nucleus. A 
cylot^ntTum near the free surface is dis- 
tinct only in empty cells. 

At the base of the cell around the nu- 
cleus, and sometimes above it, is an accu- 
mulation of chromophil substance, appar- 
ently ribosc nijcleoprotein, which stains 
darkly with basic dyes and, owing to its 



Fig. 307. Acinus of a human submaxiUsr)’ gUnd showing chromophil substance (black) and tj-mogen 
granules Acid fuchsin and loiuidinc bloc slam. 1610 X. Courtesy of R. It. Bensley. 


and the free surface. After the gland has 
secreted for a certain time the albuminous 
cells diminish in size; their granules be- 
come less numerous and are confined lo 
the free surface of the cells. In extreme, 
nonph^-siologic cases, all of the granules 
may disappear. As the albuminous cells 
are probably the source of ptyalin, the 
granules are lo be looked upon as zymo- 
gen granules, the antecedents of the en- 
zyme. Before leaving the cell they are 
transformed into secretory vacuoles. 

In cells crowded with secretion the nu- 
cleus is spherical, small and darkly stain- 


arrangement in parallel lamellae, causes 
a vertical slrialion. By appropriate technic 
mitochondria can be demonstrated be- 
tween the lamellae. The albuminous cells 
often contain fat or glycogen. On their 
free surfaces the albuminous cells are 
provided with a system of terminal bars; 
between their lateral surfaces there are 
alwa)'s secretory capillaries. Mitoses occur 
occasionally. 

Tlte albuminous cells of the different 
glands of the mouth are not identical 
functionally, although they may seem to 
have the same structure. They are com- 
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and calcium salts to the secretion. These 
tubules (as well as the larger ducts) some- 
times present a succession of constricted 
and dilated sections. In the larger ducts 
the epithelium is columnar, pscudostrati- 
fied, and occasionally contains goblet 
cells. Nearing the opening on the mucous 
membrane, it becomes stratified for a 


3 Buccal gland*, a continuation of the 
labial glands in tlie mucous membrane 
of the cheek. 

B. Glands ivhich open on the bottom of the oral 
cavity, between the tongue and the mandible: 

1. Mandibular (submaxillary) gland — a 
large gland with a duct opening at the 
side of the frenulum of the tongue. 

2. Sublingual glands, situated beneath the 


JB a SP 



Fig. 311. Section through the parotid gland of a man: a. Artery; F, fat cell; IB, interlobular 
connective tissue; S, intercalated duct; SA, secreting terminal portion; SP, branching salivary 
duct. Mallory's connective tissue stain. 110 X* After Schaffer. 


short stretch and is then succeeded by 
stratified squamous epithelium. 

CLASSIFICATION OF THE ORAL GLANDS 
BV THEIR LOCATION 

A. Glands which open into the scslibule of the 
mouth: 

1. Parotid gland, with a duct opening into 
the ^cslibule. 

2. Labial glands, scattered in the mucous 
membrane of the upper and lower lips. 


mucous membrane at the side of the 
frenulum of the tongue. Among them: 
(a) The large sublingual gland with 
a duct opening into the duct of 
the mandibular gland. 

(fc) Several small glands varying in 
number and sire. Tlieir ducts open 
in many places along a fold of the 
mucous membrane, the plica sub. 
lingualis. At the posterior end of 
this group are the small glosso. 
palatine glands. 
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minal portion is lined exclusively with 
mucous cells, so that only a small, proxi- 
mal part of the isthmus remains un- 
changed. If the mucous transformation 
affects all the cells in the neck, this part 
of the system of the excretory ducts ceases 
to exist as such and the mucous cells ad- 
join the striated tubules. If (he mucous 
cells are not very numerous, the secretory 
portion of the gland \s'iU show an irregu- 



Fig. 309. Branching basal (bashet or myo- 
epithelial) cells with dark fibrils; from an at- 
buminous terminal portion of a human suJi- 
maxillary gland. Iron-hematoxylin stain. OU 
immersion. After 2)mmermann. 



Fig. 310. Cross sections oi two isthmuses from 
a human submaxillacy gland, each showing three 
basal cells: a. Thin and, b, thicker canal belong- 
ing to purely albummous terminal portions. Jn 
6 a fixed connective tissue ceil is adhering to the 
basement membrane. After Zmmermann 

lar mixture of pale raucous, and dark al- 
buminous cells. Often both cell types may 
be seen lining different parts of the wall 
of the same cavUy. 

If the mucous cells are much more no- 
merous the albuminous cells arc pushed 
to the blind ends of the terminal portion 
or into saccular outpocketings. Here they 
form small groups which have the shape 
of thick-walled caps. In sections such caps 
appear as darkly staining crescents which 
surround (he mucous tubules and are 


called dcmiVunes of Gianuzzl. In the demi- 
lunes the albuminous cells are small, of 
irregular shape and often seem to be en- 
tirely separated from the lumen by the 
large mucous cells. However, there are al- 
ways secretory capillaries which lead the 
secretion through the clefts between the 
mucous cells into the lumen (Fig. 308). 

Ilasnl (Basket) Cells. In all the glands of 
the oral cavity the epithelium in the terminal 
portion, as well os In the excretory ducts, is 
provided rvilii peculiar ba«al or “basket" cells. 
In Ihc secretory portion liiey lie between the 
glandular cells and the basement membrane; in 
cross section they appear as slender, curved 
spindles; usually only their nuclei can be dis- 
cerned, Wlicn seen from the surface, in a tan- 
gential section of an albuminous secretory por- 
tion, they exhibit a stellate cell body with an 
angular, dark nucleus and many processes which 
contain coarse, straiglit, darkly staining fibrils. 
In the ttvucous tubules the basal cells are indis- 
tinctly outlined, fiat structures with a nueJeos and 
a paralfcl tuiation. 

Tire basal cells, presumably of epithelial origin, 
are supposed to act as smooth muscle cells; 
tlirougli their contraction they facilitate the 
movement of llie secretion into the excretory 
ducts; lliey are eomelimes called “m>o-ep5ihelial 
cells.” They are like the myo-epilhelial cells of 
the sweat glands. 

The Excrelory Duels. The necks or 
isthmuses are of variable length and are 
more or less branched. Their epitheUura 
is of a low cuboidal type. Between its cells 
and the basement membrane, basal cells 
are scattered. The epithelium of the necks, 
as has been mentioned, often shows a mu- 
coid transformation. 

The epithelium of the striated tubules is 
a fairly regular, columnar epithelium; the 
lower parts of the cell bodies, between 
the nucleus and basement membrane, 
show' a parallel striation, similar to that 
in the epithelium of the proximal convolu- 
tions of the kidney. This is generally be- 
lieved to be caused by parallel rows of 
mitochondria (Fig. 308). 

The epithelium of the striated tubules 
is believed by some to contribute water 
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cal demilunes are rare. In some indi- 
xiduals many of the albuminous cells 
show a slight mucoid reaction. Tlie mu- 
cous cells are smaller than in the sublin- 
gual or in the pure mucous glands. Some 
of tlie isthmuses are short, others are long 
and branching. The striated tubules are 
numerous, very long, and have many 
branches. 


])ortions abut directly on the striated tu- 
bules. The latter are very scarce and short 
and are sometimes represented by small 
groups of irregular, striated cells in the 
epithelium of the interlobular ducts. 

In the posterior Ungual glands the sec- 
letor) portions are long-branching, some- 
times anastomosing tubules. They con- 
tain only albuminous cells, which some- 



Fig. 313 From a seclion of tlie sublingual gland of a nineteen-) ear old girl- A, A’, Interlobular 
ducts; a, artery, ag, small interlobular duct; f, extracted fat cells; //-I/, demilune; SA, serous 
intercalated duct; SS, mucous portion; i, 'em 110 X- After ScliatTer 


The sublingual glands are mixed gland-s 
uith a markedly 'arjing structure in their 
dillerent parts. The mucous cells are far 
more numerous than in the mandibular 
gland, while the albuminous cells are in 
the miiiont) and have a pronounced 
muco-albuininous character. For the most 
part they are arranged in thick demilunes 
and the isthmuses are extremely \ariable 
III length; many undergo a complete mu- 
cous transformation, so that the terminal 


limes show a slight reaction for mucus. 
These glands are rarely of mixed charac- 
ter, The system of the excretory ducts is 
poorly de\elo|)ed; isthmuses and short 
tubes are absent. These glands form a 
thin, serous secretion, which is found only 
on the furrows of the circumvallate papilla 
and evidently serves to wash out the taste 
buds. 

Tlie glossopalotine glands are pure mucous 

{;Idncl«. 
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C. Glands q( tlic tongue: 

1. Anterior lingusl gland (gland of DUndtn 
or Mulm) situated at the side of tW 
median line under the apet of the tongue. 

2. Posterior lingual glands. 

(a) Albuminous or gustatory glands 
(of V. Elmer) connected nilh the 
circumvallatc papillae and open- 


the form of grapes, but are usually elon- 
gated and branching. The necks are long 
and may branch several limes. Their cells 
never undergo a mucous Iransformaticm. 
Tlie striated tubules are fairly numerous. 
In the parotid gland of the newborn, how- 
c\cr, the glandular cells often give a dis- 



Fig. il2. From a section of tlie «uUmaxjl)dTy gland of s fifiy-\far-old man: F, Fat cells from which 
the contents have been dissolved; C, blood vessel; HM, trescent; //I, interlobular duct passing over 
into a salivary duct; IR, inteilobuiat connective tissue; S. intercalated duct pa'=sing over into a 
terminal portion; 5A, serous alveolus, Sp. salivary duct, and cut tangentially, SpC, SS. mucous 
portion cut longitudinally and, SS', cut across. St, short intercalated duct passing over into a mucous 
portion; ST, serous terminal portion. Mallory’s connective tissue stain. 110 X- After Schaffer. 


ing into the cireumvallate groove, 
(6l Mucous glands oi the root of the 
tongue 

D. Glands of the palate. 

The following descriptions hold only 
for roan: 

The parotid is a pure albuminous 
t'land- The secretory portions may ha\^ 


Unct staining reaction for mucus with 
mucicarmin and true mucous cells are 
often found at the transition of the secre- 
tory portion into the necks. 

In the maadibtilar gland of man the ma- 
jority of the secretory portions are purely 
albuminous, nhile some are mucous with 
albuminous cells in the blind ends. Typi- 



Fjg 313. From a section of the sublingual glai 
ilucts; a, artery ; og, small interlobular duct; F 
intercalated duct; SS, mucous portion; i, >e»n 1 

Tlie 5u6^i;igua/ glaiid% are inivetl glands 
rvilh a markedly varjing structure in their 
different parts. The mucous cells are far 
more numerous than in the mandibular 
gland, tshile the alhiiminous cells are in 
the minority and ha\e a pronounced 
muco-albuminous character. For the most 
part the) are arranged in thick demilunes 
and the isthmuses are extremely variable 
in length; many undergo a complete mu- 
uiu* trnnslorniation. so that the terminal 


J of a nmeteen-year-old girl. A, A', Interlobular 
extracted fat cells; II.M, demilune; 5.4, serous 
10 x» After Schaffer. 

times shon a slight reaction for mucus. 
These glands are rarely of mixed charac- 
ter. The system of the excretory ducts is 
poorly developed; isthmuses and short 
tubes are absent. These glands form a 
thin, serous secretion, which is found only- 
on the furrows of the circumvallate papilla 
and evidently senes to wash out the taste 
buds. 

Tlie glossopalaCine glands are pure mucous 
glands. 
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Tile anterior lingual gland, in its posienor 
part, consists of mixed branched tubules, wlucli 
contain mucous cells, and are provided on their 
blind ends with very thin demilunes of muco- 
albuminous cells. The anterior part contains 
secretory portions with muco-albuminous cells 
only. 

The labial and buccal glands ore of the mixed 
type. The secretory portion sometimes ronlains 
only muco-albuminous cells, but in most cases 
the latter are confined to the blind end, while 
the rest of the cavity is lined with mucous cells. 
Some of the secretory parts may contain only 
mucous cells. As the necks are short and branch 
but little, the mucous secretorj’ portions often 
pass directly into striated tubules. 

The glands of the root of the tongue and the 
palatine glands are of the pure mucous variety. 
Short isthmuses have been found in the laller 
group. 

In the various mammals the glands of the oral 
cavity show great structural variations. Even in 
closely related species the same gland may have 
a totally different cellular composition. In the 
dog and cat the mandibular gland consists for 
the most part of mucous cells, with a few al- 
buminous cells forming typical demilunes. In the 
rodents, on tbe contrary, the same gland does 
not contain any mucin, and, tlierefore. is a pure 
albuminous gland. In the insectivora (hedgehog) 
the mandibular gland seems abo to contain only 
albuminous cells, but these are of two different 
varieties. The terra “sublingual gland” has been 
applied to different glands in various animals. 
The large gland, close to the mandibular, is now 
usually termed “retrolingual.” In some animals 
(rodents) it lias been described as a pure mucous, 
in others (dog, cat, pig) as a mixed gland vvith 
demilunes. 

Interstitial Connective Tissue; Dlood and 
Lymphatic Vessels. In the interstitial reticular 
connective tissue of the salivary glands are fibro- 
blasts and macrophages, and fat cells scattered 
singly or in small groups; plasma cells are of 
common occurrence Occasionally, small lympho- 
cytes are also found. The larger blood vessels 
follow the excretory ducts; the loose capillary 
networks surround the ducts and the terminal 
portions. The lymph vessels are said to be scarce; 
they have not been studied adequately. 

Nerves. Each salivary gland is provided with 
sensory nerve endings and two kinds of efferent 
secretory nerves, parasympathetic (cerebral) 
and sympathetic fibers. The cerebral pregang- 
lionic fibers for the mandibular and sublingual 
glands run in the chorda tympani nerve to the 
subiiiBiUlary ganglion; the sympathetic pn^ 


ganglionic fibers reach the superior cervical 
ganglion. From here the postganglionic fibers 
follow along tbe carotid artery. The vasodilators 
arc believed to be included in the chorda tympani, 
the vasoconstrictors in the sympathetic nerves. 

The parotid gland receives its secretory fibers 
from the glos«opharyngeal nerve. In the inler- 
stilial tissue along the course of its blood vessels, 
plexuses of myelinated (preganglionic and sen- 
sory) and nonmyelinated fibers, and, close to the 
larger excretory ducts, groups of sympathetic 
multipolar nerve cells are found. On the outer 
surface of the terminal portions, nonmyelinated 
fibers form a network which sends small branches 
ibrougli the basement membranes. These branches 
form a second network on the inner surface of 
the membrane, and from this plexus small, final 
branches penetrate between the glandular cells, 
branch, and end on their surfaces with small, 
budlike thickenings. 

Stimulation of the cerebral nenes of the man- 
dibular gland causes the secretion of an abun- 
dani, thin saliva which is rich in water and salts, 
but poor in organic substances. Stimulation of 
the sympathetic nerve, on the contrary, yields a 
small quantity of thick saliva, vvith a high con- 
tent of organic substances. The mechanism of 
the action of the nenes upon the glandular cells 
and the role of the vasodilators in the secretion 
are not known, and the existence of different 
kinds of nerve endings has not been proved. It is 
even doubtful whether the secretory fibers in the 
chorda tympani and in the sympatiietio are of 
different nature. 

After sectioning the chorda tympani nerve in 
the dog, tbe so-called “paralytic” secretion in 
tbe corresponding submaxillary and retrolingual 
glands occurs. This secretion is accompanied bv 
intense degeneration and atrophy of the gland 
cells, especially the mucous elements in the reiro- 
lingua! gland. 

Histogenesis of the Glands of the Oral 
Cavity. Each gland arises at a certain time of 
fetal life, at a particular place in the wall of the 
embryonic oral cavity, through the growth of a 
solid epithelial bud into the subjacent mesen- ^ 
chyme. The large glands, as the submaxiffary 
and the parotid, appear in embryos of six and 
eight weeks respectively; the smaller ones later. 
The epithelial bud grows and ramifies into a 
branched, treelike structure with club-shaped 
ends. It consists of undifferentiated polyhedral 
or cuboidal epithelial cells with many mitoses. 
Gradually a lumen appears in the older parts of 
the primordium and this canalization proceeds 
distally, but does not reach the terminal branches 
as long as these continue to grow and to form 



additional bud?. When the lumen reaches the 
terminal Lud. the latter ceases to grow and only 
specific diflerentiation and enlargement o! its 
cells occur. Mucigen appears in the mucous cells 
and zymogen granules in the serous ones. The 
histogenetic development of the glands continues 
after birth. 

tonsils 

The aperture by tvhicli the oral cavity 
^communicates with the next section of the 


357). 

Between the glossopalatme and phar- 
yngopalatine arches are the palatine ton- 
sils. These are two oval, prominent accu- 
mulations of lymphatic tissue in the con- 
nective tissue of the mucous membrane, 
v/ith ten to twenty deep crypts. In a cross 
section the stratified squamous epithelium 
of the free surface is seen to overlie a thin 
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linsual tonsils have been described (p. 



Fic*. 314. Section through the palatine tonsil of man; agp. Glossopalatme arch; ep, straitfied 
squamous epithelium; ft, crypt; M, striated muscle; nl, lymphoid nodules; 5, connective tissue 
septa; at. remains of tonsillar sinus. X- After Sobotta. 


digestive tract, the pharynx, is called the 
fauces. In this region the mucous mem- 
brane of the digestive tract contains ac- 
cumulations of lymphatic tissue. Besides 
small, irregular infiltrations with lympho- 
cyte?, tvhich may occur anytvhere in this 
part of the mucous membrane, well out- 
lined organs are formed by the lymphatic 
tissue. The surface epithelium invaginates 
them and they are called “lonsils.” The 


layer of fibrous connective tissue with 
papillae. The crypts almost reach the cap- 
sule on the opposite side and are of simple 
or irregularly branching form. 

The nodules with their prominent cen- 
ters are embedded in a diffuse mass of 
dense lymphatic tissue 1 to 2 mm. thick 
and are usually arranged in a single layer 
under the epithelium. The crypts with 
their surrounding sheaths of lymphatic 
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Tlie anterior lingual gland, in its posterior 
part, consists of mixed branched tubules, wliidi 
contain mucous cells, and are provided on their 
blind ends with ^e^y thin demilunes of muco- 
albuminous cells. The anterior part contains 
Secretory portions with muco-albuminous cells 
only. 

The labial and buccal glands are of the mixed 
type. The secretory portion sometimes contains 
only muco-albuminous cells, but in mo^t cases 
the latter are confined to the blind end, while 
the rest of the cavity is lined with mucous cells. 
Some of the secretory parts may contain only 
mucous cells. As the necks are short and branch 
but little, the mucous secretory portions often 
pass directly into striated tubules. 

The glands of the root of the tongue and llie 
palatine glands are of the pure mucous variety. 
Short isthmuses have been found In the latter 
group. 

In the various mammals the glands of the oral 
cavity show great structural variations. Even in 
closely related species the same gland may have 
a totally different cellular composition. In the 
dog and cat the mandibular gland consists for 
the most part of mucous cells, witit a few ab 
buminous cells forming typical demilunes. In the 
rodents, on the contraiy, tlie same gland does 
not contain any mucin, and, therefore, is a pure 
albuminous gland. In tlie insectivora (hedgehog) 
the mandibular gland seems also to contain only 
albuminous cells, but these arc of two different 
varieties. The term “sublingual gland” has been 
applied to different glands in various animals. 
The large gland, close to the mandibular, is now 
usually termed “retrolmgual.” In some animals 
(rodents) it has been described as a pure mucous, 
in others (dog, cat, pig) as a mixed gland with 
demilunes. 

Interstitial Connective Tissue; DIood ami 
Lymphatic Vessels. In the interstitial reticular 
connective tissue of the salivary glands are fibro- 
blasts and macrophages, and fat cells scattered 
singly or in small groups; plasma cells are of 
common occurrence. Occasionally, small lympho- 
cytes are also found The larger blood vessels 
follow the excretory ducts; the loose capillary 
networks surround the ducts and the terminal 
portions. The lymph vessels are said to be scarce; 
they have not been studied adequately. 

Nerves. Each salivary gland is provided with 
sensory nerve endings and two kinds of efferent 
secretory nerves, parasympathetic (cerebral) 
and sympathetic fibers. The cerebral pregang- 
lionic fibers for the mandibular and sublingual 
glands run in the chorda tympani nerve to the 
submaxillary ganglion; the sympathetic pre- 


ganglionic fibers reach the superior cervical 
ganglion. From Jiere the postganglionic fibers 
follow along the carotid artery. The vasodilators 
are believed to be included in the chorda tympani, 
the vasoconstrictors in the sympathetic nerves. 

The parotid gland receives its secretory fibers 
from the glossopharyngeal nerve. In the inter- 
stitial tissue along the course of its blood vessels, 
plexuses of myelinated (preganglionic and sen- 
sory) and nonmyelinated fibers, and, close to the 
larger excretory ducts, groups of sympalhetic 
multipolar nerve cells are found. On the outer 
surface of the terminal portions, nonmyelinated 
fibers form a network which sends small branches 
through tlie basement membranes. These branches 
form a second network on the inner surface of 
the membrane, and from this plexus small, final 
branches penetrate between the glandular cells, 
branch, and end on their surfaces with small, 
budlike thickenings. 

Stimulation of the cerebral nerves of the man- 
dibular gland causes the secretion of an abun- 
dant, thin saliva which is rich in water and salts, 
but poor in organic substances. Stimulation of 
the sympathetic nerve, on the contrary, yields a 
small quantity of thick saliva, with a high con- 
tent of organic substances. The mechanism of 
the action of the nerves upon the glandular cells 
and the rdle of the vasodilators in the secretion 
are not known, and the existence of different 
kinds of nerve endings has not been proved. It is 
even doubtful whether the secretory fibers in the 
chorda tympani and in the sympathetic are of 
different nature. 

After sectioning the chorda tympani nerve in 
the dog, the so-called “paralytic” secretion in 
the corresponding submaxillary and retrolingual 
glands occurs. This secretion is accompanied by 
intense degeneration and atrophy of the gland 
ceUs, especially the mucous elements in the retro- 
lingual gland. 

Histogenesis of the Glands of the Oral 
Cavity'. Each gland arises at a certain time of 
fetal life, at a particular place in the wall of the 
embryonic oral cavity, through the growth of a 
sobd epithelial bud into the subjacent mesen- ^ 
chyme The large glands, as the submaxillary 
and the parotid, appear m embryos of six and 
eight weeks respectively; the smaller ones later. 
The epithelial bud grows and ramifies into a 
branched, treelike structure with club-shaped 
ends. It consists of undifferentiated polyhedral 
or cuboidal epithelial cells with many mito«es. 
Gradually a lumen appears in the older parts of 
the primordium and this canalization proceeds 
distally, but does not reach the terminal branches 
as long as these continue to grow and to form 
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nio\enienl. The salivary corpuscles which 
originate from heterophil leukocytes are 
recognized by the remnants of the gran- 
ules and the polymorphous nucleus. 

The lumen of the crypts may contain 
large accumulations of living and degen- 
erated lymphocytes mixed with desqua- 
mated squamous epithelial cells, granular 
detritus and micro-organisms. These 
masses may increase in size and form 
large, cheesy plugs which are gradually 
eliminated. If they remain for a long lime 
they may calcify. The micro-organisms 
are sometimes the cause of inflammation 
and suppuration; they may be responsible 
for some general infections. 

Many small glands are connected with 
the palatine tonsils; their bodies are out- 
side the capsule and their excretory duels 
open for the most part on the free surface. 
Openings into the crypts seem to be very 
rare. 

In the roof (fornix) and somewhat to 
the posterior wall of the nasal pari of the 
pharynx is the unpaired pharyngeal ton. 
sii In this region the mucous membrane 
shows numerous io\ds, but no crypts. The 
epithelium on its surface is the same as 
in the rest of the respiratory passages — 
pecudostratiEed, ciliated columnar epith- 
elium with many goblet cells. Small 
patches of stratified squamous epithelium 
arc very common, however. The epith- 
elium is abundantly infiltrated with lym- 
pliocytes, especially on the crests of iKe 
folds. A 2 mm. thick layer of diffuse and 
nodular lymphatic tissue is found under 
the epithelium and participates in the 
formation of its folds; it is separated from 
the surrounding parts by a thin capsule 
which contains many elastic networks and 
sends thin partitions into the core of the 
folds. Outside the capsule there are small 
glands of mixed character. Their ducts — 
often markedly dilated — traverse the lym- 
phatic tissue and empty into the furroivs 
or on the free surface of the folds. 

Ollier small accumulations of lymphatic 


tissue hate been described in the mucous 
membrane of the pharynx, around the ori- 
fices of the Eustachian tube behind the 
pharyngopalatine arches, and in small 
granules in the posterior tvall. 

Unlike the lymph nodes, the tonsils do 
not possess lymphatic sinuses and lymph 
is not filtered through them. They are 
provided, however, with netlike plexuses 
of wide, blindly ending lymph capillaries 
which surround their outer surface. 

The tonsils generally reach their maxi- 
mal development in childhood. The in- 
volution of the palatine tonsils seems to 
begin about the age of fifteen, while the 
follicles of the root of the tongue persist 
longer. The pharyngeal tonsil in the adult 
is usually found in an atrophic condition 
with its ciliated epithelium in great part 
replaced by stratified squamous epith- 
elium. 

The participalion of the tonsils in the new 
formation of lymphocytes is the only established 
function that can be ascribed to them A char- 
acteristic feature of llie tonsil is the inhltMtion 
of its epithelium by ]ymphoc>te$. This infiltration 
is manifest along tlie entire digestive tract; it 
occurs diffusely in the small intestine, and is 
concentrated in the tonsils, in the pharynx and 
the solitary and aggregated nodules in the 
intestine. 

It is generally believed but not proved that 
the infiltration with lymphocytes has something 
to do with the protection of the organism against 
live penetration of various noxious agents and 
especially of micro-organisms into the body. 
Pathogenic bacteria have been found in the lym- 
phatic tissue of the tonsils and the nodules of 
the intestine as an apparently normal phenome- 
non. It has been suggested that these bacteria 
penetrating into the lymphatic tissue are modified 
and made ]e<s virulent, and that they then act 
as antigens and instigate the production of anti- 
bodies, On the other hand, the tonsils and the 
nodules of the intestine have been shown to be 
the portals of entry for pathogenic micro-organ- 
isms and general infections have been traced 
from them. 

The palatine tonsils develop from the rudiments 
of the dorsal part of the second gill pouch. Dur- 
ing the fourth month of fetal life the epithelium 
pushes solid outgrov\ths into the subjacent con- 
Dective tissue; these later become hollow. Around 
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tissue are partially separated from one an- 
other by thin partitions of loose connec- 
tive tissue which invaginate from the 
capsule. In this connective tissue there arc 
always lymphocytes of various sizes, and 
mast and plasma cells .which are often 


is effaced in most places by an intense in- 
filtration of the epithelium wth lympho- 
cytes. The epithelial cells are pushed aside 
and disfigured so that sometimes only a 
few of them remain on the surface. Het- 
erophil leukocytes are always present in 


Donnectiue tissue cell of lamina propria 


Epithelial cell 
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Fiji 315. Human tonsil; infiltration of tlic epithelium of the crypt with lymphocytes, neutrophil 
{heterophil) granular leukocytes and plasma cells. Hemaloxylin-eosin-azure stain. 520 X- (A.A.M.) 


degenerating. The presence of large num- 
bers of heterophil leukocytes indicates 
inflammation, which is very common in 
mild degree. Frequently there are islands 
of cartilage or bone which probably indi- 
cate a pathologic process. In the deeper 
portions of the crypts, the limit between 
the epithelium and the lymphatic tissue 


small numbers. Plasma cells are very com- 
mon here. 

The lymphocytes which pass through 
the epithelium are found in the saliva as 
the salivary corpuscles. They appear here 
usually as degenerating, vesicular ele- 
ments with a more or less constricted nu- 
cleus and granules which show Broumian 
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these epilhelial growths, lymphatic tissue gradu- 
ally de\elops through isolation, and mobilization 
o! mesenchyme cells which are transformed into 
lymphocytes, while the cells ivhich remain fixed 
furnish the reticular framework. 

TIIE rilARYNX 

The posterior continuation of the oral 
cavity is the pharynx. In this section of 
the digestive tract the respiratory passages 
and the pathway for the food cross and 
fuse with. each other. The upper part of 
the pharynx is the nasal, the middle the 
oral, and the lower the laryngeal portion. 
In the upper part it approaches the struc- 
ture of the respiratory system, while in 
the lower it corresponds more to the gen- 
eral plan of the digestive tube. 

Instead of a muscularis mucosae, the 
mucous membrane is provided with a 
thick and dense, netlike, mainly longitudi- 
nal, elastic layer. A loose submucous 
layer is well developed only in the lateral 
sides of the nasal part of the pharynx and 
where the pharynx continues into the 
esophagus; here the elastic layer soon 
becomes thinner. In all other places the 
mucous membrane is directly adjacent to 
the muscular wall which consists of an 
inner longitudinal and an outer oblique or 
circular layer of striated muscle. The elas- 
tic layer fuses with the interstitial tissue 
of the muscle and sends strands of elastic 
fibers between the muscular bundles. In 
the fornix it is fused with the periosteum 
of the base of the skull. 

The lamina propria mucosae consists of 
dense connective tissue containing fine 
elastic networks; those places covered 
with stratified squamous epithelium are 
provided with small papillae. In the area 
covered with pseudostratified ciliated col- 
umnar epithelium there are no papillae; a 
distinct basement membrane separates the 
epithelium from the connective tissue. 

The two lower sections of the pharynx 
and a part of the nasal region have strati- 
fied squamous epithelium; toward the 
roof (fornix) of the pharjmx its epith- 


elium becomes first stratified columnar 
and then pseudostratified columnar cili- 
ated, with many goblet cells. On the lateral 
sides of the nasal part this ciliated epi- 
thelium continues doivnward beyond the 
aperture of the Eustachian tube. With age 
the ciliated epithelium may be replaced by 
stratified squamous epithelium over large 
areas. 

The pharynx possesses t^vo kinds of 
small glands (Fig. 317). Glands of a pure 
mucous type are found in those places 
lined with stratified squamous epithelium. 
They are always located under the elastic 
layer, sometimes deep in the muscle. 
Glands of mixed type, similar to those of 
the dorsal surface of the soft palate, are 
confined to the regions covered with cili- 
ated epithelium. 

The arrangement of the blool vessels in the 
pharyngeal mucous membrane is similar to that 
of the ora! cavity. Lymphatic capillaries are 
abundant and form dense networks in the mucous 
membrane in the neighborhood of the tonsils. 
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Fig. 316. Cross section tlirough tlie posterior pharyngeal wall of a human adult; E, Stratified 
squamous epithelium; P, lamina propria mucosae; eG, elastic boundary la)er; IM, longitudinal 
muscular Ia}cr; D, mucous glands which penetrate deep Into the muscle. Resorcic-fuchsin and 
hematox}lin stains. 50 X- After Schumacher. 
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from the connective tissue. The most 
primitive type of teeth, in tvhicK the char* 
acter of cutaneous papillae is quite evi- 
dent, is found in the placoid scales scat- 
tered ail over the surface of the body of 
the selachians. Similar structures develop 
in many parallel rows in the mucous mem- 
brane of the oral cavit)’ of the fishes, 
nhere they are subject to continuous re- 
newal during life. 

Two sets of teeth have to be dislm- 
guished in man and most mammals- The 
first set forms the deciduous teeth of 
childhood; their eruption starts about the 
seventh month after birth and they are shed 
bet^veen the sixth and thirteenth years. 
Tliey are gradually replaced by the per- 
manent teeth. The microscopic structure of 
both hinds of teeth is similar in principle, 
but the permanent tooth reaches a higher 
development. Each of the various types of 
teeth in each set has a different form 
adapted to its specific functions, i. the 
incisors for biting and the molars for 
grinding and pounding the food. 

All teeth consist of the same two por- 
tions, the crown, which projects above the 
gum, and the root which, tapering down 
to its tip, fits closely into an excavation of 
the maxillary or mandibular bone, the 
alveolus. The place where the crown and 
the root meet is sometimes called the 
neck. Tlie lower molars have two, the 
upper molars three, roots. The tooth con- 
tains a small cavity which corresponds 
roughly with the outer form of the tooth. 
It IS called the pulp cavity and continues 
into each root as a narrow canal that com- 
municates through one or more openings 
at the apex of the root ivith the perio- 
dontal membrane. 

The hard portions of a tooth consist of 
three different tissues: Dentin, enamel and 
cementum. The hulk of the tooth is 
formed by the denim or the ivory which 
everywhere surrounds the pulp cavity. It 
js thickest in the crown and tapers down 
to the points of the roots. Its outer surface 


is covered, in the region of the crown, by 
a layer of enamel, which reaches its great- 



Fig. 319. Losgitudinal ground section of a 
human cu<p»d. The top of the croun lias been 
abraded: a. Parallel stupes of Helijus; £-. 
Sehre^er's lines of the enatnei; c, lame infer- 
globular space (of Owen) ; d, dentine; e. Tomes' 
granular lajer of the dentin; /, cell-free and. 
g, cellular cementum of root; p, pulp cavity, 
7 X- Alter v. Ebner, from Schaffer. 

esl thickness on the exposed part of the 
crown and thins down toward the neck. 
In the region of the root the dentin is 
covered by a thin layer of cenie;t/«m 
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toward the periphery and penetrate every 
part of the dentin. At their origin in the 
innermost part of the dentin, their diam- 
eter is 1.3 to 2.2 n‘, in the outer portions 
they become narrower. On their way from 
the pulp cavity most of the tubules de- 
scribe an S-shaped curve. The tubules 
branch and, especially in the outer layers 
of dentin, frequently form loop-shaped 
anastomoses. 

The layer of dentin which is imme- 
diately adjacent to the tubules and sur- 
rounds these as a sheath of Neumann dif- 
fers, by its high refringence and distinct 
staining in decalcified specimens, from 
the rest of the dentin. 

Between the dentinal tubules are sys- 
tems of collagenous fibrils arranged in 
thin bundles 2 to 4 /x thick and kept to- 
gether by a cementing substance; they 
correspond w’ith the ossein fibrils of bone. 

The course of the fibrillar bundles is 
said to be, in general, parallel to the long 
axis of the tooth and perpendicular to the 
dentinal tubules. They also run obliquely 
and around the tubules; in the crown they 
are tangential to the free surface. The 
fibrils in the adjacent layers form angles 
of varying degrees — smaller in the outer- 
most portions of the dentin and larger in 
the proximity of the pulp cavity. 

Some imestigalors distinguish a peripheral 
Ijjer of coter dentin, with coarser fibers, from 
the circumpulpar dentin, which forms the inner 
mass and consists of thinner fibrils. 

The calcification of the developing dentin is 
not olwa>s complete and uniform. The deposits 
of calcium salts ivhich appear during develop- 
ment in the organic ground substance, have the 
form of spheres which graduall) gain in size and 
finally fuse. In incompletely calcified regions, 
between the calcified spheres, there remain angu- 
lar “inierploLular” spaces which contain only the 
organic matrix of the dentin The dentinal tu- 
bules continue without interruption through the 
spheres and through the interglobular spaces. 
In a macerated tooth, from which all organic 
parts liave di«appeared, the tubules as well as 
the interglobular spaces are filled with air and 
appear dark in Iran'milled light In many other- 
wi-e normal teeth there arc layers of large, inter- 


globular spaces in the deeper parts of tlie enamel- 
covered dentin of the crown — the lines of Owen 
In the region ol the root there is always a laver 
o! very small interglobular spaces immediateV 
under its dcntmo-cemenial junction. Under low 
magnification this layer has a granular appear- 
ance; it is called the granular layer of Tomes 
(Fig. 319, e). 

In sections through a decalcified tooth 
fixed with its soft parts, each dentinal 
tubule is seen to contain a protoplasmic 
fiber (of Tomes) which in life probably 
completely fills the lumen of the tubule, 
but which in fixed preparations appears 
considerably shrunken. When the tubules 
are seen in cross section, each small oval 
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Fig. 321. Tangential section through the root 
of a molar ©f an ape: F, Shrunken dentinal filler; 
5, margin of the tubules (Neumann’s sheath) ; 
K, matrit. 740 X- After Schaffer. 

contains a dark dot. Tliese fibers of Tomes 
are processes of the odontoblasts, which 
arc arranged on the wall of the pulp cav- 
ity and send their protoplasmic processes 
into the dentinal tubules. 

The dentin is sensitive to touch, to cold, 
to acid-containing foods, etc. Only occa- 
sional nerve fibers penetrate the dentin 
and these extend for but short distances. 
It is believed that the fibers of Tomes 
transmit the sensory stimulation to the 
pulp which contains many nerves. 

With the aid of radioactive phosphor- 
us it has been shown that there is an 
active interchange of calcium and phos- 
phorus between dentin and enamel on one 
hand and the blood on the other. The in- 
terchange persists on a diminished scale 
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^vhich leaves the opening of the canal free, its structure, chemical nature, and devel- 
The edge of the enamel meets the cemen- opment. 

turn at the neck. As in bone, the substance of the macer- 

The soft parts associated ^vilh the tooth ated dentin consists of an organic (28 per 
are: (1) The pulp, which fills the pulp cent) and an inorganic (72 per cent) 
cavity; (2) the periodontal membrane part. They can be separated from each 
which connects the ccmcnlum-covered other either by decalcification in mineral 
surface of the root with the bone of the acids, when the organic part remains and 
alveolus; (3) the gum, Avhich is that por- the substance becomes soft, or by inciner* 
tion of the oral mucous membrane sur* alien when only the inorganic material 



Fig. 320. Diagram ol sagittal section of adult human lower first permanent molar. Courtesy of 
I. Schour. 

rounding the tooth. In young individuals remains. The latter is much the same as in 
the gum is attached to the enamel; mth bone except that it is denser and I^s 
increasing age the gum gradually recedes soluble (see p. 128) . The organic part dis- 
from the enamel, so that in old people it solves in boiling water and yields a solu- 
is attached to the cementum. lion of gelatin. 

Dentin. The dentin is of yellowish In a ground section passing through the 

color and semitransparent in fresh condi- airs of a macerated tooth, the denim has 
lion; when dried after maceration it ac- a radially striated appearance. This is 
ouires a silky appearance because air has caused by the presence in it of iimumer- 
.ntered its tubules. It is harder than com- able, very fine canals, the Jentjnal ta- 
a t bone, although it resembles bone in bnles, which diverge from the pulp cavity 
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face the dentin and their cross sections 
show a scalelike formation (Fig. 323). 

This form and arrangement is ex* 
plained by calcification beginning earlier 
on the side of the rods which lies nearest 
to the dentin. This inner, harder side is 
supposed to press into the softer side of 
the adjacent rod, compressing it and leav- 
ing one or two groovelike impressions. 

The exact course of the enamel rods is 
extremely complicated and seems to be 
perfectly adapted to the mechanical re- 
quirements connected with the grinding 
and pounding of food. Starting from the 
dentin the rods run perpendicularly to 
the surface; in the middle zone of the 
enamel they bend spirally and in the outer 
zone again assume a direction perpen- 
dicular to the surface. In addition, the 
rods show numerous, small, wavy curves. 
On the lateral surfaces of the crowm, the 
rods are arranged in zones which encircle 
the tooth in horizontal planes. The bends 
of the rods in two neighboring zones cross 
one another. In axial, longitudinal, 
ground sections, the crossing of groups of 
rods appears in rellected light as light and 
dark lines, more or less perpendicular to 
the surface — the lines of Schreger (Fig. 
319, b). 

In a cross section of the crown the 
enamel shows concentric lines which are 
brown in transmitted light and colorless 
in reflected light. In longitudinal, axial 
sections they are seen to run obliquely in- 
ward from the surface and toward the 
root. Tliey are called the lines of Reizius 
and are connected u'ith the circular stria- 
tion on the surface of the crown. 

The free surface of the enamel is cov- 
ered by tw 0 membranes. The inner is about 
1 ft thick and is the last product of the 
activity of the ganoblasls before they dis- 
appear (see below). It is somewhat more 
resistant to acid than the rest of the 
enamel as it contains less calcium. A sec- 
ond membrane, external to the first, is re- 
lated to keratin. It is 2 to 10 ^ thick and 


resistant to acids as well as alkalis. In the 
adult both membranes are gradually worn 
off. 

In an axial section of tlie tooth the line of 
junction between the Jentin and t])e enamel 
{dentino-enamel function) is uneven and scal- 
loped. Pointed processes of dentin penetrate the 
enamel and are separated from one another by 
excavations. Some dentinal tubules penetrate the 
enamel and end blindly. The spindle-shaped proc- 
esses of the dentinal matrix penetrating a short 
distance into the enamel ore called enamel 
spindles. 

Local disturbances of the enamel during de- 
velopment cause the so-called enamel lamellae 
and tnfls. These lamellae are organic material 
extending from the surface of the enamel toward 
and sometimes into the dentin. The tufts extend 
from the dentino-enamel junction into the enamel 
for one third of its thickness. The tuftlike shape, 
huvvcver, is an optical illusion due to the pro- 
jection of fibers lying in diflerent planes into 
one plane. They are groups of poorly calcified, 
.twisted rods with abundant cementing substance 
between them. 

Ccmenlum. The cementum covering 
most of the root is coarsely fibrillated, 
interstitial bone substance. Near the apex 
bone cells are embedded in it. Canaliculj, 
Haversian systems and blood vessels arc 
normally absent. The layer of cementum 
increases in thickness with age, especially 
near the end of the root, and then Haver- 
sian systems with blood vessels may ap- 
pear. Coarse collagenous bundles from the 
periodontal membrane penetrate the ce- 
mentum. These fibers of Sharpey (p. 132) 
remain uncalcified and in ground sections 
of the macerated tooth appear as empty 
canals. 

Unlike the high resistance of the dentin, 
which may remain unchanged even after 
the destruction of the pulp and odonto- 
blasts and after the “filling” of the pulp 
cavity, the cementum readily undergoes 
necrosis when the periodontal membrane 
i« destroyed and may be resorbed by the 
surrounding connective tissue; on the 
other hand, new layers of cementum may 
be deposited on the surface of the root. If 
this deposition becomes extensive it may 
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via the denlino-ccmental junction in teeth 
in which tije pu]p cavity }ias been filled. 

The tliffprence between dentin and hone con- 
sists n{ the position of (he cells in relation to 
the intercellular substance. While in hone the 
cells are evenly distributed in the hard intercellu- 
lar substance and send their processes out in all 
directions, the cells of the dentin remain on Ibe 
surface of tlie Intercelhilar substance ami only 
send their processes into it. Although the odonto- 



Fip. 322 Ground cross section of the crown ol 
a human cuspid. D. lienlin, C, wavy boundary 
between enamel and dentin. O, the surface of 
the tootli; RL, parallel stripes of Beizms; SOt 
enamel tuft 80 X- ^fter Schaffer 

blasts undoubtedly play a role in the nulnlion of 
the dentin, the latter does not become necioUc 
after the destruction of the pulp and the “filJmg*’ 
of a tooth. 

In old age the dentinal tubules are often ob- 
literated through calcification; the dentin tben 
becomes transparent When the dentin ts denuded 
because of extensive abrasion of the crov*n, or 
wlien the outside of the tooth is irritated, a pro- 
duction of new or “secondary” dentin of irregular 
structure may often be observed on the wall of 
the pulp cavity. This may be so extensive as to 
fill the cavity completely. 


Ennincl. The enamel, a cuticular for- 
mafion of epilliefial origin, is ihe hardest 
substance found in the body; it gives 
sparhs with steel. It is bluish-while and 
transparent in thin ground sections. When 
fully developed, enamel consists almost 
entirely of calcium sails in the form of 
large apatite crystals (p- 126), while only 
3 to 5 per cent of it is organic substance. 
Consequently, after decalcification of a 
fully developed tooth, the enamel is, as a 
rule, completely dissolved. 



Fig. 323. Cro.M section of human enamel rod«. 
Tlie dark lines are (lie cementing substance he* 
tiveen the pale rods. Piiotomicrograpli- ihgh 
nragnlficalion. Courtesy of 11. Orhan. 

The enamel consists of thin prisms or 
rods which stand upright on the surface of 
the dentin, usually with a pronounced in- 
clination toward the crown. They are kept 
together by a small amount of cement sub- 
stance. Every rod runs through the whole 
tliickne^ of the enamel layer. This, how- 
ever, cannot be seen in sections of the 
enamel because the rods are twisted. 

The substance of a rod in its longi- 
tudinal section seems homogeneous in a 
ground preparation. But after acid acts 
upon such a section, a distinct cross stria- 
tion appears in the rods; this indicates 
that the calcification probably proceeds 
by layers. 

In the human tooth most of the rods in 
cross section have the form of fluted semi- 
circles. The convex surfaces of all rods 
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generate and undergo calcification, gmng rise 
to the cementicles^ 

The Gutn. The gum is that part of the 
mucous membrane tvhich is firmly con- 
nected with the periosteum at the crest of 
the alveolar bone. It is also linked to the 
surface of the tooth by the epithelial at- 
tackment of Ooitlieb, which gradually ap- 
jiroaches the apex of the tooth wth ad- 
vancing age. The gum has very high 
papillae. The epithelial attachment is de- 
void of papillae except when chronically 
mHamed (see Fig. 318) . Between the epi- 
thelium and the enamel there is a small 
furrow surrounding the crown, the gin- 
gival crevice. No glands are found in the 
gums. 

Histogenesis of the Teeth. Tlie enamel is a 
product oi the ectodermal epithelium^ all the 
other parts are derivatives of the connective 
tissue. 

In human embryos of the fifth week the ecto- 
dermal epitJtelium lining the oral cavity presents 
a thickening along the edge of the future upper 
and lower }awe. Tlie thickening consists of two 
solid epithelial lidges which extend into the suh* 
jacent mesenctiyme Of these, tlie labial tidpe 
later splits and forms the space between lip and 
alveolar piocess of the jaw. The lingual ridge, 
nearer the tongue, produces teeth and is called 
the dentol fairn'no, According to most recent 
inypstigalois both ridges are independent from 
the beginning- 

The edge of the dental lamina extends into the 
connective tissue of the jaw and shows at several 
points budlike thickenings— the ptrmordia of the 
teeth, the tooth gerntf. 

There are ten tooili germs in each jaw, one 
for each deciduous tooth. In each germ a den*e 
group of epithelial cells becomes conspicuous as 
the enamef Anot; it is a temporary stnictore and 
later disappears. The cells of the mesenchyme un- 
der the enamel knot form a dense groop, the 
pnmotdiura of the papilla. 

The dental lamina then extends beyond llie 
last deciduous tooth germ and slowly forms gems 
of the permanent molars, which are not preceded 
by corresponding deciduous teeth. 

Beginning with the tenth to twelfth week the 
remainder of the dental lamina again produces 
solid epithelial buds- the germi for the perma- 
nent urth one on the lingual side of each de- 
ciduous germ. After tiie formation of the perma- 


nent tooth germs the dental lamina disappears. 
The transfoTinations of the permanent tooth germ 
are the same as in the deciduous germ. 

The papilla enlarges and invagmates the base 
of the epithelial tooth germ (Fig. 327, ZP ) . The 
latter, while still connected by an epithelial strand 
with the dental lamina, becomes bell-shaped and 
caps the convex surface of the papilla. From now 
on it is called the ennmel organ, because it pro- 
duces the enamel in its further development. Both 
the papilla and the enamel organ gradually gain 
in height and the latter soon acquires approxi- 
mately the shape of the future organ. 



Fig. 325. Portion of a ground cross section 
llitoijgh the lower part of n root of a macerated 
human tooth. Air has filled the lacunaei KL, Re- 
fractile boundary between the apparently lamcl- 
lated layers; SF, uncalcified Sharpey's fibers ; TK, 
Tomes' granular layer; Z, dentin; ZK. cemen- 
turn corpuscles. 80 X- After Schaffer. 

A concentric layer of connective thsue, the 
dental sac. dev.clops around the tooth primordium 
and interrupts its epithelial conneclton with the 
oral cavity. Around the sac and at a certain 
distance from it the bone of the jaw develops. 

The peripheral cells of the enamel organ are 
arranged in a regular, radial fashion. On the 
convex surface the outer enamel epithelium re- 
mains small and cuboidal. On the invaginated 
base the cells of the inner enamel epithelium be- 
come tall and teguUr. They help in the elab- 
oration of the enamel and are called omelobJojis 
or ^iiob/artr. Their attachments are provided 
with a system of terminal bare. In the inner mass 
of epitlielial cells a clear liquid accumulates be- 
tween the cell bodies which remain connected 
with one another by long processes. The epithc- 
Iram thos acquires a reticular connective tissue- 
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be called ‘cementxcm hyperplasia and is a 
favorable reaction to irritation. 

Pulp. Tiie pulp of the tooth fills the 
pulp cavity and is the connective tissue 
which formed the dental papillae during 
embryonic development. In the adult 
tooth it has an abundant^ gelatinous^ baso- 
phi] ground substance similar to that 
of mucoid tissue. It contains a multitude 
of thin collagenous fibrils running in all 
directions, and not combined into bundles. 



Fig. 324. Dcntino-enamel junction of a tooth 
of a man. Ground section. The enamel prisrn*^ 
appear as a fine, wavy slriaoon TJie inrerglohular 
spaces m the dentin are black (air filled). Be- 
tween tlie?e lacunae are the dentinal tubules 
80 X. After Graus. 

The spindle- or star-shaped cells suggest 
embryonic mesenchymal elements; tnacro- 
phages and ameboid wandering cells are 
also present. The cells of the pulp ad- 
jacent to the dentin are large, elongated, 
and radially arranged in the fashion of an 
epithelium; they are called odontoblasts 
and contain mitochondria and a Golgi net 
in their central part. The odontoblasts 
send one or more processes into the den- 


tinal tubules; these are the fibers of 
Tomes described above. 

The pulp continues into tlie narrow canal of 
the root where it siirraunds the blood \essels 
and nenes. and continues through the openings 
in the apex into the perioiJojual membrane 
The pulp contains many blood ses«cls. Smeral 
small arteries enter each root and are accom- 
panied by \eins. The arteries give rise to a den^c 
netftork of wide capillaries whose loops reaclj 
the la>cr of the odontohlasts and then continue 
into the >cins which occupy a more central 
po«itwn. True lymphatic capillaries ha\e heeri"^ 
found recently hy some imestipators. Numerous 
bundles of m>clinflted nerve fibers, which arh^ 
from small cells fn the gasserian ganglion, entr^ 
the pulp cavity through- the canals of the root. 
They form a plexus in the pulp from winch a 
finer plexus of nonmyelinated fibers in the per. 
ipheral layers ari«c<; nerxe endings liaie been 
ileYcrihcd between the odonlohla«t^s. 

Periodontn) Membrane. Tlie pert, 
odonlal membrane, which also serves as 
periosteum lo the alveolar bone, furnishes 
a firm connection between the root and 
the bone. It dilTers from the usual perb 
osieum by the absence of elastic fibers. 
It consists of thick collagenous bundles, 
which generally run obliquely from the 
alveolar trail to thecementum. At the hot- 
lom of the alveolar cavity they are 
thinner, and the softer tissue continues 
into the pulp. At the neck of the tooth 
the fibers are especially prominent, ore 
firmly attached to the cementum and are 
called the “horizontal groups of fibers 
of the tooth. Nearer the surface they run 
from the bone upward to the edge of the 
cementum. The fiber bundles of the perio- 
dontal membrane have a slightly xvavy 
course; xvhen the tooth is not functioning 
they' are relaxed and permit a slight move- 
ment of the tooth upon the application of 
stress. 

In many places in the periodontal membrane, 
blood and Ijmph vessels and nenes embeiided 
in a small amount of loose connectire 
and smalt islands of epitheltum are scaliered. 
especially near the surface of the cementum- 
These islands are sestiges of the epithelial sheath 
of Ilertwig Tlie epithelial rests frequently de- 
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When tlie iJenfm first appears it is a soft fibnj* of the cell contains ptanwlar material which 
Jar substance— the prerfentin. The fibrils ore con- stains brown with osmic acid. In -vitally stained 

tinualiona o£ the fibtih ol the papilla. They are animals this part stores the djes in granular form, 
of the argyrophil type and are generally called . On the slopes of the papilla the ganohla&ts 
KorfPs fibers. They enter the dentin, spread out become loss'er and at the ba«e of the papilla they 

fanhke, and change into the coiUgenous, ftbrib continue into the outer enamel epithelium, 

lated matrk of the dentm (Fig. 330). As the mass of enamel increases, the gano- 

In denim formation, calcification follows blasts recede and their basal surfaces remain 
closely the deposition of the fibrillar soft sob- covered by thin, culicuiar plates and connected 

stance. But duiing fltc whole process tlicre ia al- with one another by terminal bars. The most 



Fig, 327. Primordium of the right lower central metsor of a human embryo of ninety-one days, 
in sagittal section. Collagenous fibers black: i4S£, Haiernal enamel epithelium; Eff', epithelium of 
tlie dental lamina; Jl, neck of the enamel organ; LE, labial epithelium; MB, epithelium on the floor 
of the mouth; d/p, preformed membrane; $E, intcTnal enamel epitheliutii; SP, enamel pulp; SSt, 
enamel cold; ZL, internal end of the denial lamina; Zf, dental papilla; ZS, dental follicle. Mallory’s 
connective tissue stain. 80 x« After Scha0er. 

ways a thin layer of uncalcified dentin near the recent investigations demonMrate the develop- 
odontoWasts. ment of the enamel rods from their beginning as 

Tlie process of dentin formation is much the individual rods and not from a homogeneous 

«ame in nature as the formation of bone. Almost mass. Thus the Tomes' processes are the pri- 

immediateiy after the appearance of the fini raordia of the enamel rods; each conespotids to a 

calcified dentin on the convetity of the papilla, separate ganoblasi and remains connected with it 

tlie ganobla.sis begin the elaboration of enamel, until the enamel is complete. It is probable that 

It 15 deposited lay er by Ian cr on tbe surface of tlie the processes of Tomes ate a cuticulat secretion 

calcifying dentin. of the basal ends of the gattoblasts. 

The ganobiasts grow into tall and tegvht. Calcification starts at the periphery of each 
columnar cells; in the earlier stages eadi cell row and proceeds toward its interio 

coiuams a cylocenUum and a Golgi net above cementing eulistance finally calc 

the elongated, oval nucleus. The attached pan organic material remains in the e 
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like appearance — the stellate reticulum (enamel times called tlie membrana preformata. Some be* 
pulp) . lievc that the odontoblasts do not form tiie dentin, 

When the formation of the bard tooth sub* but are probably concerned in its nourishment 

stances begins (embryos of about twenty weeks) and possibly s\itli tlie deposition of calcium in it. 

tlie mesenchyme of tlie papilla contains nuraer* The layer of dentin extends down the slopes 



Bud Stage Cap stage Bell stage Apposition and 

Calcmcation cf bone calcification of 



ERUPTION ATTRITION 

Fig. 326. Diagram of life cycle of a human deciduous incisor. The normal resorption of the root is not 
indicated. Enamel and bone are drawn in black. Slightly modified after Schour and Massler. 


ous blood vessels and a few reticular fibrils be- of the papillae. It gradually grows thicker and 

tween its cells. The cells adjacent to the layer is transformed into a solid cap of dentin through 

of ganoblasls become transformed into odonto- the apposition of new layers on its concave sur- 
blasts (Fig 328, 0). face. As the odontoblasts recede from the dentin. 

The dentin first appears as a thick IiniUmg thin processes of their cytoplasm remain in the 
line between ganoblasts and odontoblasts, some* massof deposited dentin as the dentinal fibers. 
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^en tlie dentin first appears it is a soft fibril- 
lar subMance — llie predentin. Tlie filirils ore con- 
linuallons of tlie fibrils of tlic papilla. They ate 
of the argyroptiil type and are pencrally called 
Kars's fibers. They enter the dentin, spread out 
fanlike, ahd change into the collagenous, fibril- 
laled matrix of the dentin (Fig. 330). 

In dentin formation, calcification follows 
closely the deposition of the fibrillar soft sub- 
stance. But during the whole process there is al- 


of the cell contains granular material which 
stains brown with osmic acid. In vitally stained 
animals this part stores the dyes in granular form. 
On the slopes of the papilla the ganohlasts 
become lower and at the ba'e of the papilla they 
continue into the outer enamel epithelium. 

As the mass of enamel increases, the gano- 
blans recede and llicir basal surfaces remain 
covered by thin, cuticular plates and connected 
with one another by terminal bars. The most 



ng. 327. Piimordium of the right lower central incisor of a human embryo of ninety-one days, 
in sagittal section. Collagenous fibers black: /ISE, External enamel epithelium; EJT, epithelium of 
the dental lamina; ll, neck of the enamel organ; LE, labial epithelium; filE, epithelium on the floor 
of the mouth; Mp, preformed membrane; SE, internal enamel epithelium; SP, enamel pulp; SSt, 
enamel cord; ZL, internal end of the dental lainma; ZP, denial papilla; ZS, dental follicle. Mallory’s 


connective tissue slain. 80 X. After Schaffer. 

ways a thin layer of uncalcified dentin near the 
odontoblasts. 

The process of dentin formation is much the 
same m nature as the formation of hone. Almost 
immediately after the appearance of tlio first 
calcified dentin on the convexity of the papilla, 
the ganohlasts begin the elaboration of enamel. 
It is deposited layer by layer on the surface of the 
calcifying dentin. 

The ganohlasts grow into tall and regular, 
columnar cells; in the earlier stages each cell 
contains a cytocentrum and a Golgi net above 
the elongated, oval nucleus. The attached part 


Tcccnl investigations demonstrate the develop- 
ment of the enamel rods from their beginning as 
individual rods and not from a homogeneous 
mass. Thus the Tomes' processes are the pri- 
mordia of the enamel rods ; each corresponds to a 
separate ganobiast and remains connected with it 
until lEic enamel is complete. It is probable that 
the processes of Tomes are a cuticular secretion 
of the basal ends of the ganohlasts. 

Calcification starts at the periphery of each 
row and proceeds toward its interior. When the 
cementing substance finally calcifies, so little 
organic material remains in the enamel that it 
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/tZ, Surface of the rfentm eroded through the 
first enamel layer; I, intermediate layer of the 
enamel organ; 0, layer of odontoblasts; P, tootli 
papilla; S, first layer of enamel from hIucIi 
shrinkage has partially raised the enamel epithc' 
Hum, SE; SP, enamel pulp; Z, dentin, 380 x« 
After Schaffer. 

When tiie germ of the permanent tootii begins 
to develop, us growth pre«9ure causes resorp- 
tion first of the bony partition between the two 
teeth, then of the root, and eventually even of a 
pari of the enamel of the deciduous tooth. Osteo- 
clasts are prominent in this process of destruc- 
tion just as in the resorption of bone. The crown 
of the permanent tootii moving upward gradually 
takes the place of the former deciduous crown. 
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is completely dJssohed in decalcificalion. Com- 
plete calcification is not readied until very late 
and for a long time djes and other substances 
may penetrate the partly calcified enamel. That 
the calcification is seldom absolutely uniform 
has been mentioned above. One of the most strik- 


teeth clue to vitamin deficiencies are described 
liy M. Mellanby (1928). 

When the definitive thickness and extension 
of the enamel capsule is reached in the neck 
region, the ganoblasts become small cuboidal 
cells and then atrophy, Before they disappear. 





Fig, 328. Primordium of llie loner centra) incisor of a five months' embrjo. Sagittal section: 
ASE, External enamel epithelium; EP, epithelial pearls in the rests of the permanent dental lamina, 
£Z; }, stralum rnfermediunj; alveolar bone; KfT, gum iraH; EE, stral/8ed squamous epitheljum 
of the lip; 0, primordium of the odontoblasts; S. enamel cap; SS, internal enamel epithelium; SP, 


enamel pulp; (/, transition of the external into the 
pulp; ZS, dental follicle 30 x. Mter Schaffer. 

mg causes of hvpocalcification is parathy- 
roidectomy. 

Scliour (1936) studied the rate of deposition 
q{ enamel Mth sod/um Suotide and of dentm 
vvith vital injections of alizarine He found tliat 
the daily thickening of dentin is about 4 n and 
that unusual increments Ineonatal lines') appear 
iti the enamel and dentm formed in the deciduous 
teeth at the time of birth. 

The disturbances in the development of the 


internal enamel epithelium; Z, dentin; ZP, dental 

they elaliorate the inner cuticle of the enamel 
which covers tlie ends of the rods. 

At the end of the enamel organ, the outer 
and inner enamel epithelium lorm a hid, the 
epithelial zhealh of llertivig. The deielopment 
of the root begins sliorlly before the eruption of 
the tooth, continues after the crown has emerged 
from within the mucous membrane, and is not 
completed until much later; the epithelial sheath 
disappears when tlie root development is finished. 
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AZ, Surface of the denlin eroded lUrougli ifie 
firit enamel la)er; /, interinediafe lajer of die 
enamel organ; 0, layer of odontoblasts; /', lootli 
papilla; 5, first lajer ol enamel from wliicli 
shrinkage lias partially raised the enamel epUlie- 
1mm, Sfi; SP, enamel pulp; Z^ dentin. 380 x. 
After Schaffer, 

When the germ of the permanent tooth begins 
to develop, its growili pressure causes resorp- 
tion first of the bony partition between llie two 
teelli, then of the toot, and e\entuaUy even of a 
part of the enamel of the deciduous tooth. Osteo- 
clasts are prominent in this process of destruc- 
tion just as in the resorption of bone. The crown 
of the permanent tooth moving upward gradually 
takes the place of the former deciduous crown. 
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gastric mucosa appears as a jagged line, papillae penetrate the epithelium, but do 
In man the flattened cells of the super' not cause any prominences on its free 
ficial layers of the epithelium contain a surface. 

small number of keratohyalin granules. The lamina propria consists of loose 



a b c d e 

Fig. 332. Sections through five segments of the human alimentary ranal. a. Esophagus; b, fundus of 
stomach; c, pylorus of stomach; d, duodenum; e, appendix. 35 X. 

but do not undergo true cornificalion. connective tissue with relatively thin cob 

The lamina propria is bent by numerous lagenous fibers and a very few fine elastic 

longitudinal ridges uhich fuse with one networks; the latter do not penetrate the 

another in many places and carry high papillae. Besides the usual connective tis- 

conical papillae. These ridges and the sue cells, numerous lymphocytes are scat- 
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lered throughout the tissue. Around the 
excretory ducts of the mucous glands, 
small lymphatic nodules are found. 

At the level of the cricoid cartilage the 
elastic boundary layer of the pharynx 
is succeeded by the musciilaris mucosae. 
It consists of longitudinal smooth muscle 
fibers and thin, elastic networks. Toward 
the stomach the muscularis mucosae at- 
tains a thickness of 200 to 400/i. and its 
cells have a dense arrangement. 

The dense connective tissue of the sub- 
mucous layer consists of thick collagenous 
and elastic networks, and small infiltra- 
tions of lymphocytes about the glands 
(see following text). Together with the 
muscularis mucosae it forms numerous 
longitudinal folds which cause the irregu- 
lar form of the lumen in cross section. 
During the swallowing of food these folds 
are smoothed out. This is made possible 
by the elasticity of the connective tissue 
which forms the submucous layer. The 
outlines of the muscularis externa always 
remain circular. 

The muscularis externa of the human 
esophagus has a thickness of 0.5 to 2,2 
mm. In the cranial quarter of the esoph- 
agus both of its layers consist of striated 
muscle; in the second quarter the striated 
muscle is gradually substituted by bun- 
dles of smooth muscles; in the caudal 
third only the latter are found. The rela- 
tions between the two types of muscular 
tissue are subject to individual variations 
The two layers of the muscularis externa 
are not regularly circular and longitu- 
dinal respectively; in the inner layer there 


are many spiral, elliptical or oblique bun- 
dles; the longitudinal muscular bundles 
of the outer layer in many places are 
irregularly arranged. 

The outer surface of the esophagus is 
connected with the surrounding parts by 
a layer of loose connective tissue called 
the luntca adventitia. 


Glands of the Esoplingns. Two kindi 
of small glands occur in the esophagus 


esophageal glands proper and esophageal 
cardiac glands. The esophageal glands 
proper are unevenly distributed, small, 
compound glands with richly branched 
tubulo-alveolar secretory portions con- 
taining only mucous cells. They are lo- 
cated in the submucous layer and can just 
be recognized with the naked eye as elon- 
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Fig. 333 Esophagus of a man; lower third; 
longitudinal section: A, Excretory duct of a 
mucous gland, D; a, smaller excretory duct 
which passes over into the secretory portion; 
C, ampulla-like dilatation , S, stratified squamous 
epithelium; i, collection of leukocytes in the 
lamina propria mucosae, S, MM, muscularis 
mucosae; M, circular muscle la>er of the muscle 
coal. 27 X- After Schaffer. 

gated white granules, (Fig. S33). The 
branches of the smallest excretory ducts 
are scarce and short, and fuse into a cys- 
tically dilated main duct (Fig. 333, C), 
which pierces the muscularis mucosae, 
and opens through a very small orifice. 
The epithelium in the smallest ducts is low 
columnar or cuboidal; in the enlarged 
main duct stratified squamous epithelium 
is found. The mucous glands often give 



388 


TEXTBOOK OF IIISTOLOCV 


rise to cysts of the mucous membrane. 

TJie esophageal cardiac glands closely 
resemble the cardiac glands of the stom- 
ach. Two groups of them can be distin- 
guished: one is in the upper part of the 
esophagus (Fig. 334, D) at the level be- 
tween the cricoid cartilage and the fifth 
tracheal cartilage; the other is in the 
lower part of the esophagus near the 
cardia (Fig. 335, dd). They show great 



Fig. 334, Longiliidinal cross section through 
the upper end of the esophagus with glands of 
the cardiac type, D, in tlie mucosa: A, A', Open- 
ings of the glands at the apex of papillae; E, 
stratified squamous epitlielium; MM, muscu- 
laris niticosJe From an elevcn-year-old girl. 
27 X- After Schaffer. 

individual variations and sometimes are 
absent entirely. 

Unlike the esophageal glands proper, 
they are always confined to the lamina 
propria mucosae. Their terminal portions 
are branched and curled tubules and con- 
tain columnar or cuboidal cells with a 
pale granular cytoplasm, which sometimes 
seems to give the mucin reaction; secre- 
tory canaliculi are present. The smallest 
excretory ducts fuse into a large excretory' 
duct, which is sometimes cystically dilated 
and always opens on the summit of a pap- 


illa, Its regular, columnar epithelium 
often gives a distinct reaction for mucin 
and more or less resembles the mucous 
epithelium of the gastric foveolae. 

In the regions of the mucous membrane which 
contain the upper and lower cardiac glands, 
the stratified squamous epithelium may be sub- 
stituted in places by a simple columnar epitlielium 



Fig. 335. Longitudinal section through the 
junction of the esophagus and the stomach of 
man: E, Stratified squamous epithelium of the 
esophagus; M, slomacli; Oe, esophagus; S, 
lamina propria mucosae; ac, esophageal cardiac 
glands; cd, cardiac glands; dd, glandular tubes; 
mm, muscularis mucosae; u, transition of the 
stratified squamous epithelium into the cylindrical 
epithelium of the stomach; ted, dilated glandular 
duct, 120 X* After Schaffer. 

of the same aspect as in the gastric pits. Such 
patches suggest erosions, that is, places denuded 
of epithelium. Sometimes the patches lined with 
mucous gastric epithelium are of considerable 
size and are provided with pitlike invaginations 
and even with tubular glands like those of the 
fundus; they may even contain typical zymogenic 
and parietal cells (see following text). 

The number and development of the cardiac 
glands as well as of the islands of gastric mucosa 
in the esophagus are subject to great individual 
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'ariation^. Acconlinp to some in\c»tipators, llif 
presence of this ectopic pa«tric cpitlieliwm ma) hr 
of some importance for tlie origin of diverticula. 
c}5i«, ulcers, and carcinomas of the esophagus. 

In many mammals, especially ll3o*e 'vldch con* 
Slime coarse vegetable food (rodent*, ruminants, 
and the horse), the stratified srjit-itnous epUlic* 
lium of the esophagus undergoes eomifieatton. 
Tlie e'ophageal glands arc present in most of 
the mammal*, but instead of being purely mucous 
as in man, they have 3 mixed character. In some 
species no gland* arc found (rodent*, Iior*e, cat 1. 

llistogcnctic Rcmnrks, The bi'loRcncsis of 
the epithelium of the esopitagus in man prr*enls 
certain peculiarities, wliicli arc c*pccl3lly imimr* 
lanJ in connection uith the question of meta- 
plasia, I. e., ol the transformation oI one epilhclul 
l)pe into another. 

At first the entoilcrmal lajcr is n simple, low 
columnar epithelium. It then liccomes two lay- 
ered and in the ninth sicck the superficial cell* 
become cilhitcd. In the clevcntli week, vc«icle- 
^'ke, gljcogcn containing elements ap{>car l>c- 
t'veen llie ciliated cells soon outniimlicr lliem, 
and later are transformed into s<niamou« cells. 
Finally, all the ciliated cells disappear and the 
epithelium becomes stratified s<]uam<ui«. In em- 
bryos of the Ollier mammals the epitlielium does 
not seem to contain any ciliated cells. 

THE STOMACH 

In llte stomach the food is thoroughly 
nioistened, softened, and partly dissolved 
ty the gastric juice, ground hy the con- 
tfaclions of the muscular svall, and trans- 
formed into a pulplike mass — the chyme. 
When the chyme has attained the neces- 
sary softness it is transferred to the intes- 
tine in small portions. Thus tlie function 
of the stomach is in pari mechanical and 
in part chemical. The first is taken care of 
V the external muscular cool whose dif* 
Went parts work in perfectly regulated 
Coordination, the second by the various 
S ands of the mucous membrane. 

The cavity of the empty stomach in its 
|ving condition is not much larger than 
t at of the intestine. The trumpet-shaped 
opening which leads from the esophagus 
'oto the stomach is called the cardia. To 
t e left of the cardia the wall of the stom- 
30 forms a bulging which is directed up- 


ward — die jtindus (or fornix) ; it con- 
tinues down the right concave and the left 
corncjc margins which are called the lesser 
and the greater curvatures. The transition 
of die stomach into the duodenum, the 
first part of the small intestine, is called 
the pylorus. Sonic investigators believe 
the wall of the stomach is constricted in its 
middle part into the isthmus. The wall of 
the stomach con^hts of all llic usu.il lajcrs 
of the digcsti\c tube, ns outlined in the 
diagram on page 351. 

The mucous membrane of llic slomacli 
in die living condition has a grayish-pink 
color, except for narrow, pale, ring- 
shaped areas at the pjlorus and cardia. 
The surfnee of the filled stomach is 
stretched evenly. In the empty, contracted 
stomach It forii)« numerous high, mostly 
)ongilu<linnI folds. Tins is made possible 
by the loose consistency of the submucous 
layer and die action of the muscularis 
mucosae. Anotlicr much finer and more 
constant relief is broiiglit about by a sys- 
tem of furrows, which subdivide the sur- 
face of the mucous membrane into small, 
slightly bulging, gastric areas 1 to 6 mm. 
in diameter. With a magnifying fens the 
surface of each area is seen to be further 
subdivided by tiny grooves into irregu- 
larly convoluted ridges. In a perpendicu- 
lar section through the mucous membrane 
the furrows, which are cut across, appear 
as invaginations, the so-called gastric pits 
or foveolac gastricae. 

Tlie thickness of the mucous membrane 
in all parts of the stomach is occupied 
by a multitude of glands which open into 
the bottom of the gastric pits. The epi- 
thelium vvhich lines the gastric pits and 
covers the free surface of the mucosa be- 
tween them has everywhere the same 
structure. On the basis of differences in 
the glands, three portions are distin- 
guished in the stomach. 

The first zone, which forms a narrow 
(5 to 30 mm.) ring-shaped area around 
the cardia, is called the cardiac area and 
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rise to cysts of the mucous membrane. 

The esophageal cardiac glands closely 
resemble the cardiac glands of the stom* 
ach. Two groups of them can be distm« 
guished; one is in the upper part of the 
esopliagus (Fig. 334, D) at the level bc- 
lueen the cricoid cartilage and the fifth 
tracheal cartilage,* the other is in the 
lower part of tlie esophagus near the 
cardia (Fig. 335, dd). They show great 



Fig, 334. Longitudinal cross section through 
the upper end of the esophagus mih glands of 
the cardiac type, A in the mucosa: /I, Open- 
ings of liic glands at the apex of papiUae; £, 
stratified squamous epitliehum; Jl/Jf. muscu- 
Jans mucosae From an etcFen-year-old girl. 
27 X' After Schaffer. 

individual variations and sometimes arc 
absent entirely. 

Unlike the esophageal glands proper, 
they are always confined to the lamina 
propria mucosae. Their terminal portions 
are branched and curled tubules and con- 
tain columnar or cuboidal cells with a 
pale granular cytoplasm, which sometimes 
seems to give the mucin reaction; secre- 
tory canaliculi are present. The smallest 
excretory ducts fuse into a large excretory 
duct, which is sometimes cystically dilated 
and always opens on the summit of a pap- 


illa. Its regular, columnar epithelium 
often gives a distinct reaction for mucin 
and more or less resembles the mucous 
epithelium of the gastric foveolae. 

In the regions of the mucous membrane which 
contain the upper and lower cardiac glands, 
the stratified squamous epithelium may be sub- 
stituted in places by a simple columnar epithelium 



Fjg. 335. Longitudinal section through the 
junction of the esophagus and tiie stomach of 
man: E, Stratified squamous epithelium of the 
esophagus; ill, stomach; Oe, esopliagus; 5, 
lamina propria mucosae; ec, esopliageal cardiac 
glands; cd, cardiac glands; JJ, glandular tubes; 
mm, muscularis mucosae; u, transition of the 
stratified squamous epithelium into the cylindrical 
epithelium of the stomach; wJ, dilated glandular 
duct. 120 X. After Schaffer, 

of the same aspect as in the gastric pits. Such 
patches suggest erosions, that is, places denuded 
of epithelium. Sometimes the patches lined with 
mucous gastric epithelium are of considerable 
size and are provided with pitlifce invaginations 
and even with tubular glands like those of the 
fundus; they may even contain typical zymogenic 
and parietal cells (see following text). 

The number and development of the cardiac 
glands as well as of the islands of gastric mucosa 
in the esophagus are subject to great indfvwlua! 
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The Surface EpUheUwm. Tlie ridges 
beU^een the gastric pits and their walls 
arc lined by a tall (20 to 40 , very tegu' 

lar, simple colmnnar cpitheliura. At the 
cardia it begins abruptly rtnder the over* 
hanging edge of the stratified squamous 
epithelium of the esojdiagus. In the py- 
lorus it is replaced by the intestinal epi- 
thelium. In the cells on the free surface 
round granules fill the supranuclear part 
of the cells. Downward into the fovcolac 
they become more and more confined to 
the free surface} in the bottom of the pits 
only a thin Ia>cr of granules lines the sur- 
face; these elements continue down into 
die neck of the glands. The granules con- 
sist of mucigen or of mucin of a pcciiliar 
type {Fig. 337). After pro|K:r fixation it 
can be stained with some of the d)C5 which 
are elective for typical mucus, os muci- 
carmine, while with other mucin dyes (he 
result is negative. After having left the 
cells the granules furnish the layer of 
alkaline mucus which lubricates the sur- 
face of the mucosa. Unlike the mucus se- 
creted by the mucous glands of tlie oral 
cavit), it is not precipitated by acetic acid. 

In sections in which the granules of 
mucigen have not been preserved, the 
supranuclear parts of the cells appear 
clear and transparent and only faintly 
granular; the free surfaces are covered 
v\ith thm terminal bars. In the midst of 
the clear substance a diplosome is located. 
A Golgi net is also present above and 
sometimes around the nucleus. The cyto- 
plasm in tlie basal part of the cell contains 
threadlike mitochondria. Fat droplets and 
glycogen granules have been found in 
these cells. The introduction of glucose 
into the stomach does not influence the 
amount of glycogen in its epithelium. 

Even under physiologic conditions 
many of the surface cells are desquamated 
and perish. Signs of regeneration are seen 
only in the deeper part of the foveolae, 
where mitoses are frequent in the less dif- 
ferentiated cells which contain but a small 


quantity of mucigen granules under their 
free surface. The newly formed cells arc 
slowly pushed upward through gro^vth 
pressure and replace the lost ones. 

The Gastric Glands. These glands, 
which arc tlic most important contributors 
to the secretion of the gastric juice, are 
simple, branciicd tubules. They are 
densely arranged, perpendicularly to the 
surface of the mucosa, and penetrate its 
whole tliickncss which measures from 0.3 



Fir, S37. Surface epidieliutu of the human 
sfomach; fised viith sublsmate-osmic acid amt 
stained with gentian to show the mucous drop- 
Jets. After Heidenhain. 

to 1.5 ram. They open in small groups 
through a slight constriction into the bot- 
tom of the foveolae. The diameter of the 
glandular tubule is 30 to 50 i^, but the 
lumen is very narrow. The blind ends are 
slightly thickened and coiled and some- 
times divide into two or three branches 
(Fig. 339) ; they almost reach the mus- 
cularis mucosae. The total number of 
these glands is estimated at 35,000,000. 

There are four types of cells in these 
glands. Many dilTerent names have been 
proposed for them so that the nomencla- 
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contains glands of the same name. The 
second zone comprises the fundus and 
proximal two thirds of the stomach and 
contains the gastric glands proper or the 
glands of the fundus (named so l>ecausc 
they tverc first found here). The third 
part, the pyloric region, occupies the dis* 
lal one-ninth of liie stomach and extends 
for a greater distance on the lesser curva- 
ture than on the grcalerj it is character- 


zone reaches a high development and a 
ividlh of 1 to 1.8 cm. 

In various ofiier mammals the subdivisions o{ 
ihe siomacli are much more sharply pronounced 
and are marked by deep consfrictions which 
separate the organ into chambers. TJie esopha- 
geaf, stratified squamous, someiimcs comified 
epitheJiuni may invade a smaller or larger part 
of the stomach; this first esophageal part, as a 
tule, has few or no glands. In. the ruminants 
the three first chambers, the rumen, the reticu- 



Fig. 336- Semidjagrammatic view of a portion of Ihe gastric mucosa. From a reconstruction by 
Kaunhoven and Stein. After StShr-v. AfoJIendorff. 


ized by the presence of pyloric glands. 
These zones are not separated by sharply 
drarvn limits; along the borderline the 
glands of one mix to a certain extent ivilh 
those of the other. According to some, bc' 
Iween the second and third zones there is 
a narrow strip, of some millimeters in 
width, occupied by a fourth type of 
glands, the intermediate glands. In the 
dog, the animal especially used for physio- 
lotnc experimentation, this intermediate 


lum, end the omasus (or psalferium) are all of 
esapfiageai nature; only in the fourth portion, 
ibe sbofTusus, are gastric glands found, and 
here onfy does digestion occur. In tiie mono* 
iremes and marsupials the whole stomach is oc- 
cupied by the esophageal region and tlie stratified 
squamous epilhebum reaches as far as the glands 
of Brunner. In the pig li^e second or cardiac 
region, with mucus-secreting gastric epithelium 
8»d cardiac glands, is highly developed; the 
Uiird, physiologically most important portion is 
the region of the corpus or fundus, while the 
fourth portion is the pyloric region. 
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are of spherical, sometimes slighUy tri' 
angular form and occupy a peripheral 
position between tlie rymogenic celU and 
the basement membrane. Sometimes they 
even cause bulgings on the outer surface 
of the glands, especially after prolonged 
activity vvlicn the lymogenic cells arc 
small. 

Tlie parietal cell contains a large round 
nucleus; sometimes two or even more nu- 
clei are present in one cell. The cytoplasm 
stains readily ivilh acid aniline dyes. The 
cell contains a diplosome and numerous 
short rod'shaped mitochondria, but no 
distinct secretary granules. Tlie most typi- 
cal features of the parietal cells arc secre- 
tory canaliculi uhich occupy an intracel- 
lular position and form a loose network 
between the surface and nucleus (Figs. 
340, 3-U). They communicate, through a 
small cleft between the adajacent zymo- 
genic cells, with a branch of the main lu- 
men. Tlirough this canal the secretion of 
the parietal cells enters the lumen. 

The parietal cells do not seem to un- 
dergo any morphological changes with the 
various stages of functional activity. In 
the adult the parietal cells divide, possibly 
by direct division, relatively often. 

SIkcoms Tieck Celh. Tliese arc found 
in ihe neck of the glands uhere they ore 
arranged in one layer and fill the spaces 
between the parietal cells. In passing to- 
^vard the bottom of the gland they are 
abruptly succeeded by the zymogenic 
cells. In fresh condition they are filled 
with very pale, transparent granules. 

In sections in whicir the secretory gran- 
ules are not preserved and which ate 
stained only with nuclear dyes, they are 
very similar to the zymogenic cells and, 
therefore, were overlooked by many in- 
vestigators. Their nuclei, however, are dif- 
ferent from those of the zymogenic cells 
because they are usually fiat, sometimes 
concave and occupy the base of the cell. 
In sections stained with mucicarminc or 
mucihematein, the cytoplasm is filled mlh 


coarse, brightly stained granules, while 
the zymogenic cells remain colorless. This 
indicates that the mucous neck cells arc 
mucus-secreting elements. Their mucus, 
however, is of a peculiar kind and its 
staining reactions differ from those of the 
mucus of the gastric surface epithelium 



Fig. S39. Fondte glands vf the stomach of a 
man. Zymogenic cells gray; parietal cells dark, 
gray. ISO X- After Brans. 

and of that of the glands of the oral 
cavity. 

Where the necks of the glands open 
into die narrow bottoms of the foveolae, 
die mucous neck cells are connected with 
die surface epitlielium by a series of 
gradual transitional forms. As mitoses are 
not found in the mucous neck cells of the 
adult, it is probable that new ones arise 
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ture is rarely alike in any two descrip* 
tions. The four types are; (1) body chief, 
or zymogenic cells, (2) parietal cells, (3) 
mucous neck cells, and (4) argcntaOinc 
cells (of Heidcnhflin). 

-Zymogenic Ceils. Tlie zymogenic cells 
arc arranged in a simple layer on the 
inner surface of the basement membrane 
and line the lumen in the lower half or 
third of the glandular tubwk. After death 
they disintegrate almost immediately un- 


plasm shows an alveolar structure. The 
spherical nucleus does not show any pe- 
culiarities. Under the nucleus in the basal 
part of the cell the cytoplasm contains 
radially striated accumulations of chro- 
mophil substance (Fig. 340); the zymio- 
genic cells contain mitochondria and a 
Golgi net. 

Tlic free surfaces of the cells are pro- 
vided with terminal bars. True secretory 
capillaries are not present. It is not clear 



Fig 338. Surface of gastrie mucosa of a man. Drawn with a hinffcular microscope. The cut 
surfaces ate slightJy diagrammatic. At the left ihe normal «listnhuiioti of the gastric glands; to the 
right only s few are indicated Glands, gray; gostne pels, hUch. IT X» After Braus. 


less there was no acid in the stomach, 
when they may remain for some time. In 
fresh condition, especially after a period 
of fasting, the cells are full of coarse, bril- 
liant granules. After intense secretory ac- 
tivity the cells are smaller and contain 
but few granules near their surface. The 
granules are believed to contain pepsino- 
gen, the antecedent of the enzy me pepsin. 
Only some osmic-sublimate and formalin 
mixtures preserve the granules; in most 
cases they dissolve and the fixed cyto- 


whelher the zymogenic cells under physio- 
logic conditions ore subject to degenera- 
tion and renewal or not. Mitoses are never 
found in them. It is possible that they may 
arise from the mucous neck cells de- 
scribed below, although in the adult, tran- 
sitions betu-een them — zymogenic cells 
with a slight mucin content near the free 
surface — are very rare. 

JPorielnJ Cells. the zymogenic 

cells, but more numerous toward the neck, 
parietal cells are scattered singly. They 
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mucous membrane (to one half of if' 
thickness) and have more braJicJjes tl»an 
in the body of the stomach. The glands 
here are also of the simple, branched lu- 
bular type, but the lumen is larger, and 
the tubules are, coiled so that in perpen- 
dicular sections they ore seldom sem a** 
longitudinal structures. The pyloric glands 
contain only one type of cell; hs cyto- 
plasm is pale and contains an indistinct 
granulation (Fig. 343). Secretory capil- 
laries have been described between them. 
The nucleus is often flattened against the 
base of the cell. In sections stained Hith 
bemaloiiylin and eosin, they somctin)fc» re- 
semble the mucous neck cells or even the 
zymogenic cells, or the cells of the glamU 
of Brunner of the duodenum. Some in*c«- 
ligatois believe that the pyloric glandular 
cells are identical with tbc mucous neck 
cells, as both give similar staining reac- 
tions for mucus (Fig. 314). Certain dyes 
(cresyl violet, Gienisa mixture), hou’ever, 
seem to stain them in a specthc way; they 
may be compared, perhaps, only with (he 
cells of the cardiac glands. In the human 
stomach, the pyloric glands in the region 
of the sphincter may contain parietal 
cells. Acgentflffine cells have also been de- 
scribed in the pyloric glands. 

The Cardiac OlanvU. Tliese arc com- 
pound tubular glands very much like the 
cardiac glands of the esophagus. The 
terminal portions open directly into the 
gastric pita and show enlargements in 
many places. The clear glandular cells are 
found cither alone or alternating with 
numerous parietal cells. 

Ectopic intestlua! Epilhclium and Ctaiuls 
in the Slotnaclt. In the cardtac as wetl as m the 
pyloric region of the ga^tne mucosa, pafehet. of 
mteslinal epithelium and g?an<U ma^ be found 
among the gastric fo\eolae Some believe them to 
be signs of chronic infiaiamation Tli© nrtes 
tinal epithelium may be identified at once by 
Us striated border and by ihe scattered goblet 
cells. The cardiac gland* may open into tbe*e 
giand* of Liebethuhn (see Chapter XJX). 


Liiminn Propria. The scanty cohticc- 
live tissue of the lamina propria fills the 
narrow spaces between the glands and the 
mnscularis mucosae and forms larger ac- 
cumulations only between the necks of (hr 



Fig. 3i2. Tivn cells from the boundary lielween 
neck an<f body of a pa*lrtc gland of dfacacKV 
rhesus. A ijmogenic cell with black-stained 
secretory granules, antt a mucous neck cell vvjtb 
pale sacaolcs. proieusb occupied by roucoti* 
droplets On the free surface a vet of lennjnaJ 
bars. Icon-bematovjlln stain. 1000 X- (AJk.M.t 



..Fig, 313. pyloric glands from vbc stomach of 
a man Slightly diagrammatic. 75 X. After Braus 

glands and between the foveolae. It con- 
sists of a delicate network of collagenou* 
and argyrophil fibrils and is almost de- 
void of elastic elements. Its cells have 
not been satisfactorily investigated. Beside.s 
oval pale nuclei which seem to belong to 
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through a gradual transformation of the and are less frequent in tlie pyloric glands. 
undilTerentialed epithelium in the bottom These cells ore scattered singly, between 
of the foveolae. ^ the basement membrane and the zymo- 

In many gastric glands the mucous neck cells cells, and have a somewhat flattened 

advance far toward the bottom and are some- form. Their cytoplasm is filled with small 


In many gastric glands the mucous neck cells 
advance far toward the bottom and are some- 


times scattered singly between the zymogenie granules viliich can lie stained tvilh silver 


Fig. 310, Blind end nf a gastric gland of a monkey (Macncus rhesus). Zymogenic cells with black 
secretory granules; between them secretory capillaries; -tlwee parietal cells with intracellular 
canaliculj. Iron.bemjtu'cjlin slain. 1000 X< (A.A.M.) 




Fig. 341. lioUom ol a human gastric gland with z>'moaenic and parietal cells. The zymogenic 
cells surround a narrow central canal and contain darkly stained “basal filaments” or “lamellae” fthe 
chromophii substance). On their free surface a/yslem of terminal bars is seen. Branches of the central 
lumen penetrate between the z>’mogei3ic cells as secretory capillaries; .«ome o{ them reach the parietal 
cells and form branching canaliculi around and m their Iroilies. Iron-hcmatoxylin stain. Slightly 
modified after Zimmermann. 


cells. This is especially prominent in the gland-, 
near the pyloric region; according to some, the 
glands of the narrow intermediate zone may 
contain only mucous neck and parietal cells 
and be devoid of zymogenic cells 

Argenlttifme Cells. Argenlaffine cells, 
like those in the intestine (p. 401) are 
moderately abundant in the fundic glands 


Ol chromium salts. They are more numer- 
ous in the duodenum. As their distribu- 
tion parallels that of the intrinsic anti- 
pernicious anemia factor (p. 95) it has 
been suggested that they may be related 
to this substance. 

The Pyloric Glands. In the pyloric 
region the foveolae reach deeper into the 
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stomach. The emptying of the stomach 
depends primarily on the contracli-on of 
the gastric musculature. 

The work of all the parts of the muscu- 
lar coat just described is regulated with 
marked precision. The ^vaU oi the stom- 
ach adapts itself to the volume of its con- 
tents \vjthout raising the pressure in its 
cavity. 

The serous membrane is a thin layer of 
loose connective tissue, attached to the 
muscularis externa and covered v»lh 
mesothelium. It continues into the large 
and small omentum. 

lli8to|»hygiologic Remarks. Tlic 
quantity of gostric juice secreted during 
bventy-four hours by the human stomach 
is esUntaled at 1000 to 1500 cc. The juice 
is a clear, colorless Ue^uid which coniains. 
besides uater and sails, 0.4 to 0.5 per cent 
hjdtochloric acid and enzymes. Pepsin, 
uhich digests protein in acid medium and 
clots milk, is the most important of these; 
it is a protein and has been crystallized by 
Northrop. He finds it probable “that the 
various pepsins vary from species ta spe- 
cies, as do the hemoglobins.” Tlie ■other 
ferments are renmn, svhich has a stronger 
clotting action on milk than pepsin and is 
present mainly in infancy, and small 
amounts of a lipase (which splits fat). In 
the dog It is possible to obtain the secre- 
tion of the tuo main parts of the stomach 
separately. Whereas the body' of the stom- 
ach secretes only when certain stimuli act 
upon the mucous membrane (for instance 
the ingestion of food or psychic impres- 
sions), the pyloric region secretes con- 
tinuously. The secretion of the body con- 
tains both pepsin and hydrochloric acid. 
It is also possible to distinguish two hinds 
of secretion futnisbed by the gastric 
glands — the secretion of the ordinary acid 
gastric juice, rich in pepsin, and of a juke 
which is also rich in pepsin, but contains 
a mucin-like substance and has only a 
weakly acid or even an alkaline reaction 
It is generally believed that the pepsin is 


secreted by the zymogenic cells and that 
the granules of the zymogenic cells are 
prozymogen granules which are trans- 
formed into active pepsin only when they 
are acted upon by the hydrochloric acid. 
Analyses show that the pepsin content ia 
higher, the more zymogenic cells in a 
given location (Linderstrom-Lang and 
Holler) . Injection of histamine causes the 
secretion of large amounts of acid gastric 
juice low in pepsin, while stimulation of 
the vagus nerve results in a great increase 
in the pepsin content of the juice. Bowie 
has shown that this is accompanied by an 
extensive discharge of zymogen granules. 
It has been observed that if b small frag- 
ment of the ftesh mucous membrane with 
gastric glands is treated with liydrochloric 
acid, the zymogenic cells disintegrate 
rapidly, while the p.'irietal cells remain 
unchanged for a wlnle. According to Ivy, 
the pyloric fluid does not contain enzymes 
in significant amounts. 

The parietal cells are supposed by some 
to secrete a precursor of hydrochloric 
acid. Some investigators using neulral 
red, a dye which changes color with the 
increase of acidity in the medium, con- 
cluded that the parietal cells in living con- 
dition have an alkaline reaction and that 
they secrete an antecedent of the acid, 
probably a chloride of an organic base, 
which in the foveolae or on the surface of 
the mucous membrane yields the free 
acid, HUtochemical studies show that, in 
the actively secreting stomach, chloride is 
concentrated in the connective tissue of 
the submucous and, to a lesser extent, of 
the subepithelial layers. Chlorides have 
not been demonstrated in any of the epi- 
tlielial cells e.xcept the zymogenic ones, 
and in them in only small amounts. 

The raucous neck cells and the surface 
epithelium secrete mucus. The gastric 
mucus forms a layer on the surface of the 
mucous membrane which is supposed by 
some to protect it against autodigestion by 
delaying the diffusion of pepsin and hy. 
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fibroblasts or reticular cells, the meshes 
of the fibers contain numerous small lym- 
phocytes, and some plasma cells, cosino- 
]>bil leukocytes, and mast cells. Sonie- 
times, cells ^wlh coarsely granular acido- 
phil inclusions arc found between Ibe 
epithelial cells of the glands; these arc 
RusseWs bodies, which may develop un- 
der physiologic conditions, but are very 
common in pathologic cases. 

In the lamina propria, especially in the 
pyloric region, small, spliericai accumu- 


prohably facilitates the emptying of the 
glands. 

The submucous layer consists of dense 
connective tissue which contains fat cells 
and is rich in mast cells, lymphoid wan- 
dering cells and eosinophil leukocytes. 
This layer contains the large blood and 
lymph vessels and venous plexuses. 

The muscularis externa consists of three 
layers — an outer mainly longitudinal, a 
middle circular, and an inner oblique. 
The outermost layer is formed by the con- 



Fig. 344. Section through the junction of the pyloric and duodenal epitheliums of an eight-year-oid 
cliild. Slamed with lietoatoxylin and for mucus with mucicarmine. 220 x* 


Jations of lymphatic tissue occur nor- 
mally. They are sometimes called “lentic- 
ular glands.” Strands of smooth muscle 
also occur. 

The Other Layers of the Wall. The 
muscularis mucosae consists of an inner 
circular and an outer longitudinal layer 
of smooth muscle; in some places there fe 
a Uiird outer circular layer. From the in- 
ner layer strands of smooth muscle cells 
run between the glands toward the sur- 
face. Tlie contraction of these strands 
compresses ibe mucous membrane and 


tinuation of the longitudinal fibers of the 
esophagus. They keep their longitudinal 
course only along the two curvatures, 
while on the anterior and posterior sur- 
faces they gradually bend toward the 
larger curvature. In the pyloric region the 
longitudinal fibers are assembled in a 
layer which continues into the same layer 
of the intestinal wail. 

Hie middle layer is the most regular 
and continuous of the three. In the py- 
lorus it forms a thick, circular sphincter 
which helps control the evacuation of the 



Chapter XIX 


THE INTESTINES 


THE SMAIX INTESTINE 


Ti{E small imcsllne is a lube aboui 7 
melera long and divisible into three por* 
tions, the duodemm-, the jejunum^ and the 
deum, nOiicli gradually pass into one an- 
other. Tlieir structure, although showing 
some differences, is everyivherc the same 
in principle, so that one description ap- 
plies to all of them. The main functions 


organism receives all of its food material, 
the surface is enormously increased 
through the formation of circular folds, 
or yafrer o} Kerbring, ami the villi (Fig. 
345). 

The folds are constant structures and 
do not disappear e\cn when the intestinal 
wall is distended. Tliey begin at a distance 


Openfeja of Ue latostinal gfands Lymphoid noduh in the aubmucosa. 



F»g. 345. Portion of wall of small snttsJine; drawn wall {imocolar microscope and from sections. 
17 X- After Itraiis 


of the small intestine are 1 1 1 the foi 
warding of the chyme along its course, 
l2) the continued digestion of the chyme 
by means of special juices secreted by 
Its walls and by the accessory glands, and 
(3) absorption of the liquefied nutritive 
material into the blood and lymph vessels 
Surface of the Mucous Membrane. 
In the small intestine, from which the 


of 2 to 5 cm. from the pylorus and reach 
their maximal development in the distal 
half of the duodenum and the proximal 
pari of the jejunum; in the ileum they 
become smaller and less numerous and 
disappear in its middle. In the lower duo- 
denum they reach a height of 8 .jpm. and 
mually extend over two thirds of the cir- 
cumference; very often the folds branch; 
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tlrocWoric add, by inhibiting the action 
of pepsin, and by combining with the 
acid, for the mucosa is neutral during pc' 
riods of inactivity. According to another 
opinion, autodigeslion in life is prevented 
by an antifermeiU elaborated by the mu- 
cous membrane. Immediately after death 
autodigeslion begins. It is also believed 
to occur if a part of the mucous mem- 
brane is damaged so that peptic ulcers of 
the stomach develop. But ulcers do not de- 
velop in dogs in ^^h5ch a portion of the 
mucous membrane has been removed ex- 
perimentally; instead, the mucous mem- 
brane regenerates in a surprisingly short 
time. 

The gastric mucosa also contains a sub- 
stance which is necessary for the produc- 
tion of erythrocytes (see p. 95) . 

DIood Vessels «i«i LyinphAties of the 
Stomach* See p. 410. 

Nen’cs. The nerves of the stomach arc of the 
a^ame types and dUisstnuton as ti)ose of ttie In- 
testine (seep. 412). 

HUtogcnclIc Remarks. In the very young 
erahryo the stomach is lined by an even layer of 
pseudostraitBed columnar epithelium. In em- 
bryos o! 22 8 mm., {groups o! tall and low cells 
aUernate so that small pits arise, although the 
basement membrane remains even. In Uter stages 
(42 mm.) the pits begin to project into the under. 
Ijmg mesencliyme. while the tall cells between 
them begin to elaborate mucus. In embryos of 90 
mm., at the bottom of the crypts, solid Inids 
of granular ceils appear — the pnmordia of the 
glands. In the 120 mm. stage the glandular pri- 
mordia establish two kinds of cells; some of tliem 
^aia Intensely with eosin and are accumulated et 
the blind ends and later assume a peripheral post 
lion— they are the folute parietal cells; olheis 
remain pale — the future zymogenic ceils 

At birth the length of the glands equals one 
half of the thickness of the mucosa. Their num- 
ber gradually increases, partly through division 
of the blind ends of the lubes, partly through the 
formation of new buds ol undilferentiated cells. 


The pyloric and cardiac glands seem to arise 
from the very beginning as structures different 
from the gastric glands. 
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cous membrane, the surface of the vilU 
and the small even areas between ihcii 
bases, is simple columnar. Three t)pe3 of 
cells can be distinguished in it: (1) col* 
umnar cells with a striated border, (2) gob- 
let cells, (3) argentalTme cells. 

The columnar cells have a prismatic 
form and a height of 22 to 26 fii tbeir 
outlines, however, change considernbly 
with the movement of the villi. The free 
surface is covered with a striated border 
rich in phosphatase and the lower part of 


condition withstands successfully the 
steam arising from the movements of the 
vilU and the mechanical action of the 
passing food material. However, after fix- 
ation the epithelium, as a rule, appears 
detached from the stroma on the summit 
of the villi in a continuous layer and A 
cavity is seen between the two tissues. 
This free space is an artefact, caused espe- 
cially by the agonal contraction of the 
smooth irruscles in the core of the villi. 

Goblet cells are scattered between the 



Fjg 3t8. Cross secJion of viHus of homan jejunum. Iron hcmatox>Im-a2an SI4 X- Redrawn and 
sligjilly modified after V. Palrclt. 


the cell contains the oval nucleus. Under 
the striated border there is always a thin 
layer of homogeneous c)loplasm. Under 
this layer longitudinally arranged, wavy 
mitochondria are 'accumulated (Fig. 
347). The Golgi net occupies the space 
between these mitochondria and the nu- 
cleus. Beneath the nucleus the cytoplasm 
contains a group of granular mitochon- 
dria. ' 

The bases of the ceils are connected 
with the surface of the lamina propria. 
Tills close connection of the epithelium 
with the connective tissue in the living 


cylindrical epithelial cells (Fig. 348). 
The argentafme cells are more common in 
the glands of Lieberhuhn. Everywhere in 
the small intestine, irregularly distributed 
lymphocytes can be seen penetrating from 
the lamina propria into the epithelium of 
the villi. 

ITie epithelium of the viPi, under pinsiologic 
conduiORs, IS shed in considerable quantities 
and. tosether with the mucus, {oiras a part o{ 
the feces, Xn animals a short section of the small 
intestine may be separated from the rest of the 
got and Its ends connected to form a loop, ifhile 
Its attachment to the mesentery remains unaltered 
and flic remaining ends of the intestine are 
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folds \vhich run uninterruptedly around 
the whole intestinal tube are rare. The 



Tig 3J6. Frem a tongitudina? icction through 
the duodenum of man; A, •Artery; BD. Brunner’s 
glands In the submucosa, BD', Brunner’s glands 
in the mucosa; CM, circular muscle cut across; 
E, mesothehum of serosa; EM, empt>ing o{ a 
Brunner gland into a crypt; K, crypt of Lretier- 
kuhn; LM, longitudinal muscle layer; MM, 
muscahns mucosae; PM, plexus myenteiicns 
with a ganglion cell in cross section; S, serosa; 
SM, submucosa; Z. >i!lus. 30 X- After Scbaffei, 

{olds are formed by all the layers of the 
mucosa, including the musculans mu- 
cosae; their core t5 submucosa. 


Tltc villi are outgrotvths of the mucous 
membrane and have a length of 0.5 to 
1.5 mm. They cover the entire surface of 
the mucosa, on the sides and crests of the 
folds, as well as in the spaces between 
them; they give the surface a typical 
velvety appearance and vary from 10 to 
40 to the square millimeter. In the duo- 
denum they are wide, leaflike structures 
arranged with their long diameter in the 
transverse direction and in alternating, 
longitudinal rows; in the ileum they grad- 
ually acquire a more finger-like form. 

Many villi, especially in the infant, are 
divided on their summits into two or more 



g. 317. Epilbehum trom a villus of the small 
•ine of man; fasting condition. One goblet 
* seen. lOOO X. After Cortk 


lobes by slits which extend for varying 
distances into the villi. In this way the \ ilH 
ore supposed to increase in number dur- 
ing the growth of the intestine. The in- 
numerable openings of the glands, or 
crypts of Lieberkuhn, may be seen be- 
tween the bases of the villi tvilh a magni- 
fying lens. In perpendicular microscopical 
sections they have the form of simple 
tubes 320 to 450 p long, ivhtch penetrate 
the whole thickness of the mucous mem- 
brane and almost reach the muscularis 
mucosae with their blind ends. Their 
course is perpendicular or irregularly 
oblique to the surface; the spaces betw’cen 
them are W’ider tJian those between the 
glands in the stomach. 

Tile Epithelium. The epithelium, 
w'hich covers the free surface of the mu- 
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cons membrane, the surface of the villi 
and the small e\en areas between their 
bases, is simple columnar. Tlircc t)pes of 
cells can be distinpuished in it: fl) coh 
umnar cells w ith a slriatecl border* (2) gob- 
let cells, (3) argenlafliiic cells. 

Tlie columnar cells have a prismatic 
form and a height of 22 to 25 their 
outlines, however, change considerably 
wilii the movement of the villi. TItc free 
surface is covered with a slrinled border 
rich in phosphatase and the lower part of 


condition withstands successfully the 
strain arising from the movements of the 
villi and tlic mechanical action of the 
passing food material. However, after fix- 
ation the epithelium, as a rule, appears 
detached from the stroma on the summit 
of the villi in a continuous layer and a 
cavilj is seen between the two tis-^ues. 
This free space is an artefact, caused espe- 
cially by the agonal contraction of the 
smooth muscles in the core of the villi. 

Gohlct cells arc scattered between the 



Fig. 3.ja. Cro«s section of %ilius ot human jejunum. Iron-heraatovyhn-azaTi 511 X- Redrawn and 
slightly modified after V. Patzelt. 


the cell contains the oval nucleus. Under 
the striated border there is alwa)s a thin 
layer of homogeneous cytoplasm. Under 
this layer longitudinally arranged, wavy’ 
mitochondria are 'accumulated (Fig. 
347). The Golgi net occupies the space 
betiseen these mitochondria and the nu- 
cleus. Beneath the nucleus the cytoplasm 
contams a group of granular mitochon- 
dria. * 

The bases of the cells ate connected 
with the surface of the lamina propria. 
Ihis close connection of the epithelium 
with the connective tissue in the living 


cylindrical epithelial cells (Fig. 348) . 
The argeniaftne cells are more common in 
the glands of Ljeberkuhn. Everywhere in 
the small intestine, irregularly distributed 
lyfflphocylea can be seen penetrating from 
the lamina propria into the epithelium of 
die vilU. 

"The epithelium o! ibe vilii, under physiologic 
conditions, is shed in con^ideraWe quaiUilies 
and, together with die mucus, forms e part of 
the feces. In animals a short section of the situiU 
intestioe may he separaied from the rest of the 
gut and its ends connected tc form a loop, while 
Its attachment to the roeseniery remains unaltered 
and the remaining ends of the intestine are 
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se^^e(\ logelber. After a certain time rtie iso- 
lated loop is found greatly distended with diges- 
tive juices, masses of rujcus and desquamateil 
epithelium. This etplains wliy a certain amount 
of feces is formed e\en in a starving organism. 
It is clear that such e\lcnsi\e losses require a 
coTiespondmp legeTieiation. 



Fig, 319. A cr)pl of Lieherkiilin with surround- 
ing lamina propria: BZ, Goblet cells; BZ’, goblet 
cells at the end or beginning of secretion, BZF, 
goblet cells cut tangentially; C, capillary; EL, 
eosinophil leukocyte; FB, reticular cells; KT, 
mitosis m an epithelial cell; LZ., lymphocyte; 
M, smooth muscle cells; MP, reticular cells be- 
neath basement membrane; PK, Pancth cells; 
PL, polymorphonuclear leukocytes; IT. wander- 
ing cells in the epithelium; Z, epithelial cells of 
the gland. 380 X- Schaffer. 

Crypis of Liebcrkiiliti. The epilhe- 
Hum covering the villi continues into the 
glands of Lieberkuhn. Above the bottom 
of the crypt, their walls are lined with a 
low columnar epithelium which contains 


numerous mitoses. Here regeneration 
takes place and the new cells moving up- 
ward dlfTerentiale inlo goblet cells and 
into the columnar cells niih striated bor- 
ders. All of the stages in this process are 
to be seen in the upper half of the crypt. 

In the bottom of the glands of Lieber- 
kiilin in the small intestine, the large cells 
of Paneth occur regularly (Fig. 349. 
PK). Tlie base of these cells is occupied 
by citromopbil substance. Around the 
large, spherical nucleus are a few mito- 
cliondria. Above the nucleus the cyto- 



Fig. 350. Cross seclion of crypt of Lieberkultn of 
man; fasting condition. 1000 X- After Corn 


plasm is filled with large, round, acido- 
phil, secretory granules. Sometimes each 
granule is surrounded by a clear vacuole; 
however, a complete liquefaction or a dis- 
charge into the lumen is rarely seen except 
under the influence of pilocarpine. The 
granules dissolve in acids and in mineral 
salts, but are resistant to alkalis. The na- 
ture of these granules is not clear. 

Argentaflinc Cells. Detiveen the cells 
lining the glands of Lieberkuhn (rarely 
in the epithelium of the villi) are found 
the argentaffine cells which differ from the 
rest of the epithelium by their form and 
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by the presence of specific granules in 
their cytoplasm (Fig. 351). They are scat- 
tered singly and their number varies 
greatly. Moderate numbers arc found in 
the stomach. In the jejunum and ileum 
they are relatively rare; they are more 
common in the duodenum and particu- 
larly in the appendix. Their body» as a 
rule, adheres closely to the basement 
membrane and even bulges into its outer 
surface; from it a constricted continua- 
tion extends toward the lumen. The nu- 
cleus is large and usually spherical, while 
the oval nuclei of the surrounding epithe- 
lial cells project beyond it. The cytoplasm 



Fig. 351. Bottom of a gland of Lieberl»ulin, with 
an argenlaffinc cell. Redrawi from Masson. 

of the base of the cells is filled with very 
small granules, which stain easily with 
eosin. They are eleclively impregnated 
and stained black by solutions of silver 
ammonium oxide. They acquire a brown- 
ish-yellow color after the action of chro- 
mates. They vary from species to species; 
they give positive tests for polysaccharides 
in some. The nature and function of these 
cells are obscure. It has been suggested 
that they may be associated with the in- 
trinsic anlipernicious anemia factor. 

The Lamina Propria. The lamina 
propria of the mucous membrane fills the 
spaces bet\veen the glands of Lieberkuhn 
and forms the core of the villi. It is a 
peculiar type of connective tissue and dif- 


fers from the lymphatic tissue of the 
nodules of the intestine. It contains a 
stroma of argyrophil fibers similar to that 
of the lymphatic tissue. Close to the fibers 
are fixed cells with oval, pale nuclei; these 
are perhaps comparable with the primitive 
retichlar elements of the lymphatic tissue 
stroma. Some of them become macro- 
phages which may contain pigment inclu- 
sions; sometimes they react positively to 
tests for iron. In vitally stained animals, 
however, these elements contain as a rule 
only very few dye granules. The dye stor- 
ing is more pronounced in the macro- 
phages of tlic lower ileum and cecum; in 
these locations it is believed by some 
authors to be partly the result of reab- 
sorption of the dye. 

The argyrophil framework of the lamina 
propria at the epithelium-covered surface 
is condensed to a reticular basement mem- 
brane. Fine elastic networks extend from 
the muscularis mucosae along the blood 
vessels; they also surround the glands of 
Lieberkuhn and seem to take part in the 
formation of their basement membrane. 
In addition, the argyrophil framework in 
many places contains strands of smooth 
muscle which arise from the inner surface 
of the muscularis mucosae, run toward 
the surface, and are especially prominent 
in the core of the villi. Here they are ar- 
ranged parallel to the axis of the villus, 
around the central lacteal. 

The meshes of the argyrophil frame- 
work contain large numbers of free cells. 
The roost numerous are small lympho- 
cytes; medium-sized forms also occur; 
large lymphocytes are rare. Very numer- 
ous are plasma cells in all stages of devel- 
opment. They are said to increase greatly 
in number during digestion. Many of 
them degenerate and produce Russell’s 
bodies. Besides, the lamina propria al- 
ways contains granular leukocytes; the 
most common among these are the eosino- 
phil eelb. The vast majority of them are 
regarded as eosinophil leukocytes which 
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migrated from the blood vessels. Some- 
times, especially in the guinea pig, a few 
eosinophil myelocytes of local origin, 
with occasional mitoses, can be found. 
Mast cells are always present. Among 
them are small, young cells with but a few 
gi anules. 

Many lymphocytes and a few granular 
leukocytes penctnafe the epithelium on the 
\iili or the glands of Lieberkijhn, and 
occasionally even pass into the lumen. 
This phenomenon increases in intensity 
in the caudal direction and reaches its 
liighest development in the large intestine. 
Mast cells are rarely found in the epithe- 
lium of the liuman intestine. 

Another peculiar type of wandering cell 
found in the epithelium of the crypts in 
many animals is a cell with a small, 
Tovmd, dark nucleus and a large, swollen 
body containing a number of large, round 
granules or droplets which slain bright 
red with eosin — the globular leukocyte- 
These elements are small lymphocytes 
wliich elaborate acidophil inclusions in 
their protoplasm. Sometimes they dii'ide 
mitotically; they are also found in a de- 
generating condition with a pyknotic 
nucleus. 

Lyin|iliatic Tissue. In many places 
the lamina propria of the small intestine 
contains true lymphatic tissue as the per- 
ipheral lymph nodules. Small (0.0 mm.) 
or large (3 mm.) isolated, spherical nod- 
ules, called “solitary follicles,” arc scat- 
tered all over the intestine, but are more 
numerous and larger in the distal part 
I Fig. 353); in the ileum they may be 
found on the surface of the valvalae con- 
mventes or between them. If they are 
small they occupy only the deeper layer 
of the mucous membrane above the mus- 
cularis mucosae. Some of them may de- 
velop in the core of a villus and transform 
it into a club-shaped body. The larger 
ones occupy the whole thickness of the 
tnucosa, bulge on its surface, and may 
even extend through the muscularis mu- 


cosae into the submucous layer. They are 
visible to the naked eye and their surface 
is free from villi and usually also from 
crypts. 

Croups of many solitary follicles 
massed togetlier are called patches of 
Payer or aggregated follicles. They occur, 
as a rule, only in the ileum, but occasion- 
ally may be found even in the duodenum; 
their total number is estimated at .30 to 
40, They alwaj's occur on the side of the 
intestinal wall opposite to the line of at- 
tachment of the mesentery; they arc elon- 
gated, oval, slightly prominent areas. 
Their size differs according to the num- 
ber of follicles which compose them; the 
long diameter varies from 12 to 20 mm., 
the short frorn tl to 12 nvm. The follicles 
have the same structure as lliosc of the 
tonsil, and consist of dense lymphatic 
tissue. Their peripliery is marked by a 
tliiit. capsule-like layer of condensed re- 
ticular fibers. Very often, large lympho- 
cytoi>oictjc or reaction centers occur in 
tlicir interior. 

The lamina propria and the suhmucosa 
in the vicinity of the follicles are always 
infiltrated with lymphocytes. Large num- 
bers of lynijihocytes penetrate the epi- 
thelium, disfigure and push aside its cells, 
and finally reach the cavity of the intes- 
tine. In old age the follicles and the 
patches of Peyer undergo involution. 

The muscularis mucosae has a thickness 
of 38 /i and consists of an inner circular 
and an outer longitudinal layer of smooth 
muscle and of elastic networks. 

The Ollier Coats of the Wall. The 
submucous layer consists of dense connec- 
tive tissue with numerous elastic networks 
and occasional lobules of adipose tissue. 
In the duodenum it is occupied by a thick 
layer of duodenal glands; in cross section 
the muscularis mucosae is seen running 
through its glandular mass. 

'Hie external and internal layers of the 
muscular coat are well developed and 
r^lar in the small intestine. Carey 
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(1921) showed that these are not ar- 
ranged, as in the conventional descrip- 
tions, in an inner circular and an outer 
longitudinal layer, but that the outer layer 
is wound as an open spiral (one turn in 



Fig. 352. Section of duodenum of a child of 
eight years. Mucicarmine and iicmatoxylm stains. 
65 X. 

200 to 500 mm.), and the inner as a close 
spiral (one turn in 0.5 to 1 mm.). Betueen 
them is the sympathetic myenteric nerve 
plexus (Fig. 340, PM and Fig. 359). 
Some strands of muscular cells pass from 
one layer into the other. The external coat 
consists of a layer of mesothelial cells 
resting on loose connective tissue (Fig. 
346, 5, E). At the attachment of the mes- 
entery, the serous layer of the intestines 
continues onto the surface of the mesen- 
tery. 

The Duodenal Clauds (of Brun- 
ner). The glands of Brunner appear in 
the region of tlie sphincter of the pylorus 
rvilh the first glands of Lieberkdhn. Some- 


times they extend into the pyloric region 
for several centimeters. They are arranged 
in lobules 0.5 to 1 mm. in diameter. Their 
terminal portions are richly branched and 
coiled tubules, which in some places may 
show a considerable enlargement of the 
lumen. Tliese fuse into branching excre- 
tory ducts which open into the bottom or 
side of a crypt of Lieberkuhn. The gland 
is located for the most part in the sub- 
mucosa while the duels pierce the mus- 
cularis mucosae. Tlie cuboidal glandular 
cells contain fine granules, which stain 
with mucihematein after fixation in alco- 
^ hoi. After fixation and staining in aqueous 
solutions they present the usual aspect of 
a mucous cell — a pale, irregular cytoplas- 
mic network with large, empty meshes and 
a flattened dark nucleus at the base. It is 
difficult to draw a distinct limit between 
the terminal portions and the e.xcrctory 
ducts, because (lie cells of the first grad- 
ually pass into the cells of the second. 
Tliey become smaller and contain less of 
(he mucous secretion. The transition into 
the crypts of Lieberkiilm is very abrupt 
(Fig. 352). 

In the distal two thirds of the duodenum 
the glands of Brunner gradually diminish 
in sire and finally disappear. They show a 
tendency to occupy the core of the circu- 
lar folds and are separated by increasing, 
free intervals. In some cases they seem 
to extend well into the upper part of the 
jejunum. 

THE APPENDIX 

Tbe appendix is a blindly ending evag- 
ination of the cecum in man and many 
animals. Its wall is relatively thick, be- 
cause of the extensive development in it 
of the lymphatic tissue which forms an 
almost continuous layer, with many large 
and small lymphatic nodules (Fig. 353, 
nlnl), as in the tonsil. The small, cleft- 
like lumen in cross section has an irregu- 
lar, angular form. Sometimes it contains 
masses of dead cells and detritus, in other 
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cases it IS oblitcrale<3. It IS difficult to dran' gland; they also occur in the upper part 


a distinct line between the normal and 
certain pathologic conditions in this or- 
gan. The glands of Lieberkuhn radiate 
from the lumen; they have an irregular 
shape and variable length and arc em- 
bedded in the lymphatic tissue. Tlie epi- 
thelium of the surface of the glands con- 


of the glands. Villi are absent. 

The lymphatic tissue of the appendix is 
similar to that of the tonsils. Very often it 
presents chronic inflammatory changes. 
Tlic muscularis mucosae of the appendix 
is poorly developed. The submucosa forms 
a thick layer with blood vessels and 



Fjg. 353. Appendix from a :wenI>-lbree-year.olJ man: /. Lumen with feces; gli, crypts. of Lieber- 
kijhn; nlnl, centers of Ijmpliatic nodules; su, subraucosa; tmui, muscularis externa; se, serosa; 
mcs, mesentery. 22 X- After Sobotta. 


tains only a few goblet cells and consists 
mostly of columnar cells with a striated 
border. The zone of undifferentiated cells 
with mitoses is shorter than in the small 
intestine. In the bottom of the glands, be- 
sides occasional cells of Paneth, argentaf- 
fine cells are regularly present. They are 
more numerous than in the small intestine 
and number on the average 5 to 10 to a 


nerves, and occasional fat lobules. The 
muscularis externa is reduced in thick- 
ness, but always shows the two usual lay- 
ers. The serous coat is similar to that cov- 
ering the rest of the intestines. 

THE LARGE INTESTINE 
The mucous membrane of the large in- 
testine docs not form folds except in its 
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last portion, the rectum. Being devoid of 
villi it has a smooth surface. The villi 
cease, as a rule, above the ileocecal valve. 

The glands of Lieherkiihn arc straight 
tubules and attain a greater length than 
in the small intestine — up to 0.5 mm. and 
in the rectum to 0.7 mm.; they are ar- 
ranged vertically with great regularity 
near one another. Their structure differs 
from that in the small intestine by the 


often penetrating the epithelium of the 
crypts. Scattered solitary follicles are al- 
ways present in varying numbers and are 
also found in the rectum. They reach far 
into the submucous layer. On their sur- 
face the mucous membrane usually forms 
an irregular invagination which is the re- 
sult of fusion of the villi of the embryonic 
large intestine. 

The muscularis mucosae (Fig. 355j is 



Fig. 354. Slightly tangential section through mucous membrane of human colon. The reticular 
fibers are condensed beneath the epithelium and about the blood vessels. The mucigen of the goblet 


cells stains blue. Bielschowsky-Fool and MaJJory-azan stains. 600 X- 


richness in goblet cells (Fig. 355). The 
free surface, between the openings of the 
glands, is lined with simple columnar epi- 
thelium with a thin striated border. At the 
bottom of the crypts are the usual, prolif- 
erating, undifferentiated epithelial cells 
and occasionally argentaffme cells; as a 
lule there are no cells of Panefh. 

The structure of the lamina propria is 
essentially the same as in the small intes-^ 
tine; eosinophil leukocytes are abundant,' 


well developed and consists of longitudi- 
nal and circular strands. It may send 
slender bundles of muscle cells toward the 
surface of the mucosa. The submucous 
layer does not present any peculiarities. 
The muscularis externa differs from the 
same coat in the small intestine by the 
arrangement of its outer longitudinal 
layer, which is massed into three thick, 
longitudinal strands — the taenia coli. In 
the rectum it again becomes'^ontinuous 
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Fat cells 

Fig. 355. Mucosa of llie tcauiverac colon of man simnmg a 


solitary follicle. 70 X. After Brans. 



Miss E. Bolilman. 
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all around the periphery of the wall. TTie 
serous coat of the colon in its free portion 
forms the oppendices eprploicac; these 
are protuberances consisting of adipose 
tissue and accumulations of cells similar 
to those in the omentum. 

In the anal region the mucous mem- 
brane is throwTi into longitudinal folds, 
the rectal columns of Morgagni. The 
crypts of Lieberkuhn suddenly become 
sl)ort and disappear, rvhiJe on the surface, 
along a jagged line about 2 cm. above the 
anal opening, stratified squamous epithe- 
lium appears wth superficial, flattened 
cells. This is a transition zone between the 
mucous membrane and sfcin. At the level 
of the external sphincter the surface layer 
assumes the structure of the skin and here 
sebaceous and large, apocrine, circumanal 
glands appear. The lamina propria here 
contains convolules of large veins, which, 
when abnormally dilated, appear as hemor- 
rhoidal nodes. 

Gtood Vessels. The arr&n|;emenc o! the blood 
and )yinph >es9els in t)ie wall of t})e stomach 
and intestine is cver)'«liere similar in principle. 
The important differences depend matnljr on 
the presence or absence of villi. Therefore, the 
conditions are similar in the stomach and in the 
colon, while the small intestine shows sienifscant 
peculiarities. 

In the stomacli, the arteries arise from the two 
)>>g arterial arches alonjt the lesser and greater 
curvatures and are dlsirihuted to the ventral and 
dorsal surfaces, Tlie arteries reach one side of 
the intestine wuh the mesentery. They run lor a 
while in the serous coal and break up into large 
branches which penetrate the muscularis externa 
and enter the submucous layer, u'Jjere they Iona 
a large, longitudinal, submucous plexus. 

In the stomach and colon the submucous plexus 
gives off branches directed toward the surface; 
some break up into capiUaries gupplyine the 
muscularis mucosae, others pierce the fatter anrf 
fonn capillary networks in the deeper part of 
the mucosa; from here the capillaries pierce the 
mucosa almost to its surface and surround the 
glands with dense meshes. The capillary net U 
specially prominent on the surface, where it 
surrounds the mouths of the glands and the 
foveolae immediately under the epitlielsani. 

From the superficial, perislaDdular capiUair 


networks, veins of considerahle caliber arise. 
^Iiey run downward without further anastomose? 
and form a venous plexus between the bottom 
af liie glands and the mascuhrh mucosae From 
this plexus, branches run through the muscularis 
mucosae into tlie submucosa and form here, with 
other similar vessels, a venous plexus, which is 
locfltetl nearer to the mucosa than the arterial 
plexus fin the dog). From the submucous plexus, 
llie large veins follow the arteries and pass 
through the muscularis externa into the serous 
membrane. The \eins of the submucous plexus 
(in the stomach) are provided svith valves and a 
relatively thick, muscular coat. 

In tlie small intestine, the submucous arterial 
plexus gives off two kinds of branches which 
tuo toward the mucosa and pierce the muscular^ 
mucosae. Some of these arteries supply the crypts 
of bi'eberkuhn, ramify on the inner surface of 
the muscularis mucosae, and break up into capil- 
lary networks which surround the crypts in the 
same way as about the glands of the stomach. 
Other arteries are especially destined for the 
villi, each villus receiving one or somcltmes sev- 
eral such small arteries. The latter enter the 
base of the villus and form a dense capillary net- 
work which is located immediately under the 
epithelium and surrounds the whole surface of 
the structure. bVar the tip of the villas ooe or 
two small veins arise from the superficial capil- 
lary network and run downward, anastomose with 
the glandular venous plexus and then proceed 
through tlie mucous membrane into the sub- 
mucosa where -they join the veins of the sub- 
mucous plexus. These veins in the intestine have 
DO valves. Their coniiaaatipns which pass through 
the muscularis externa with the arteries are pro- 
vided, however, with valves. These structures 
disappear in the collecting veins of the mesentery. 

Lyvnph Vessels. In the stomach the lym- 
phatics begin with a well developed sjstem of 
large, blindly ending or looped, lymphatic capil- 
laries in the superficial layer of the mucous mem- 
brane between the glands. They always occupy 
a deeper position than the Wood capillaries. 
They anastomose everyvihere throughout the mu- 
cous membrane, surround the glandular tubules, 
and lake a downward course to the inner surface 
of the mucous membrsae, where they form a 
plexus of fine lymphatic vessels. Branches of 
the plexus pierce the muscularis mucosae and 
form a plexus of lymphatics provided with valves 
in the subznucosa. From this submucous plexus 
still larger lympliatics run llwough the muscularis 
externa; here they receive numerous iTibutarses 
Itom the lymphatic plexus located within the 
muscular coat and then follow the blood vessels 
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into tlie retroperitoneal tissues. In the wall of the 
colon the lymphatics show a similar arrangement. 

The lymphatic vessels of the intestine play an 
important role in the absorption of fat from 
the small intestine. During digestion, in the Ht* 
ing condition, all of their ramifications are seen 
filled with milky white lymph — a fine emulsion 
of neutral fats. This white lymph, drained from 
the intestine, is called chyle and the lymphatics 
which carry it, lacteals. 

In the small intestine the most conspicuous 
parts of the lymphatic system are the central 
lacteals in the core of tlie villi. Each conical 
villus has one lacteal >>hich occupies an avial 
position and ends blindly near the tip. The 
broader villi of the duodenum may contain two 
or perhaps more lacteals which intercommunicate 
by anastomoses. The lumen of these lacteals when 
distended is considerably larger that llml of the 
blood capillaries. The wall, as seen in silver 
injected material, consists of very thin. large, 
endothelial cells with wavy outlines. This wall is 
everywhere connected with the argyrophil reticu- 
lum and is surrounded by thin, longitudinal 
strands of smooth muscle. 

The central lacteals at the base of the villt 
anastomose with the lymphatic capillaries be- 
tween the glands which have a similar arrange- 
ment as in the stomach and also form a plexus 
on the inner surface of the muscularis mucosae. 
Branches of this plexus, provided with valves, 
pierce the muscularis mucosae and form on its 
outer surface, in the submucosa, a loose plexus 
of larger lymphatics. The latter also receives 
tributaries from the dense network of large, thin- 
walled lymphatic capillaries which closely sur- 
round the surface of the solitary and aggregated 
follicles. The large lymphatics which run from 
the submucous plexus through the muscularis 
externa into the mesentery receive additional 
branches from a dense, tangential plexus which 
is located between the circular and longitudinal 
layers of the muscularis externa. 

Nerves. The nerve supply seems to be similar 
in principle in all parts of the gastro-inteslinal 
tube. It has been especially studied in the small 
intestine. Here it consists of an intrinsic and 
an extrinsic part. The first of these is repre- 
sented by nerve cells and nerve fibers located 
and originating in the wall of the intestine itself. 
The extrinsic nerves are represented by the pre- 
ganglionic fibers of the vagus and the post- 
ganglionic fibers of the sympathetic. The latter 
run to the intestine from the celiac plexus They 
enter the intestinal vvall through the mesentery 
along the branches of the large vessels. 

In a section through the intestinal wall numer- 


ous nervous elements consisting of large or small 
groups of nerve cells and bundles of nerve fibers 
are seen in the narrow space between the cir- 
cular and the longitudinal layers of the muscu- 
laris externa. This is the myenteric plexus of 
Auerbach. In the submucosa similar elements 
form the submucous plexus of Meissner. These 
plexuses form the intrinsic nervous mechanism 
of the intestinal wall. 

In the surface view the ganglia of the myen- 
teric plexus appear as massive, angular or star- 
shaped accumulations of nerve cells. They are 
connected with one another by thick or thin 
strands of nonmyelinated nerve fibers of both 
extrinsic and intrinsic origin. The ganglia of the 
submucous plexus are thin and flattened and 
their cells are grouped close together. They are 
also connected by a multitude of bundles of 
fibers arranged as in the ganglia of the myenteric 
plexus. Many varieties have been described among 
these nerve cells of the enteric ganglia. It is 
possible, however, to reduce the number of all 
varieties to two principal forms, which in any 
particular case may present differences in their 
secondary characters (Fig. 358), The first type 
occurs exclusively in the myenteric plexus. It is 
a multipolar cell with short dendrites which 
terminate in bruslilike arborizations on the bodies 
of cells of the second type in the same gangbon. 
The axon enters a fiber bundle as a fine, non- 
myelinated fiber; it can be traced for a consider- 
able distance through the neighboring ganglia 
and fiber bundles and is supposed to form con- 
nections with cells of the second type in other 
ganglia. These neurons are thus of an associative 
nature. 

The cells of the second type are far more nu- 
merous and show great variations in their forms. 
Tlieir dendrites vary in number and are often 
missing. They divide dichotomously in the ganglia 
of origin or in other ganglia and terminate in 
diffuse receptive endings, in relation with nerve 
cells of the first and second types. The axon 
enters a fiber bundle and divides; its branches, 
after pursuing separate courses, terminate in the 
circular or longitudinal layer of the muscularis 
externa in the usual connection with individual 
smooth muscle cells. Thus the neurons of the 
second type are of motor nature. Those in the 
myenteric plexus supply the muscularis externa; 
those of the submucous plexus supply the muscu- 
laris mucosae and the muscles of the villi. 

Besides the two kinds of cells just mentioned, 
a third type occurs in the enteric plexuses and 
also scattered in the submucosa and in the in- 
terior of the villi. This is the “interstitial cell, 
with a finely vacuolated protoplasm and short. 
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branching, varicose procesacs which tnleilace 
with Ollier processes to form an irregular felt- 
work. It does not contain neurofibrils, fo that 
the nenous nature of this element is doubtful. 
It is possibly of microglial nature. 

Most of the nonmyelinated fibers of the bun- 
dles which connect the ganglia and the fibers in 
the ganglia are processes of the enterie neuTons. 
The rest is formed by extrinsic fibers, mainly 
of vagal, and to some extent of sympathetic ori- 
gin. The vagal preganglionic fillers are smooth 
and of uniform diameter; the sympathetic post- 
ganglionic fibers are xarico-e and thinner. 


suhserous coat and ending freely in the connec. 
live tissue. 

Physiologic experiments of various kinds show 
that the mucous membrane of the digestive tube 
must he provided with sensory nerve endings. 
It is well known that if oil the extrinsic nerves 
of the intestine are severed, its movements are 
still carried on. If the intestine is detached from 
the inc-^ntcry and placed in warm Tyrode solu- 
tion, It will show normal peristaltic movements 
if the mucous mejnhrane Is stimulated by objects 
introduced into the lumqn. This shows that the 
intestine is on automatic organ whose movements 



Fig. 358 Ganglion of the myenteric ple.xiis from the small intestine of guinea pig; N^, Neuron 
of Type I; neuron of Type 11; fir,, interganglionic fiber tract; Im, longitudinal muscle coat; 
gf.tr., intraganglionic fibers. Silver nitrate 335 X. After C J. Hill. i 


The vagal fibers, after having entered the 
plexuses and taken part in the formation of the 
fiber bundle, terminate as pericellular arboriza* 
lions on cells oi the second type in the enicne 
ganglia The sympathetic fibers cannot be dis- 
tinguished from the axons of the motor cells in 
the fiber bundles They do not seem to enter 
into synaptic relationship with tlie nerve cells of 
the ganglia but to take part, together with the 
motor axons, in the formation of the inliamus- 
cular plexuses and to terminate in connection 
wilh the muscular cells The sympathetic fibers 
supply the blood vessels, loo. Some of tbem have 
also been described as forming a plexus in the 


are determined by the local neuromuscular 
mechanism and that they are only regulated 
through the extrinsic nerves. With the aid of 
modem impregnation methods numerous nerve 
endings of undoubtedly sensory nature have been 
found under and in the epithelial layers of the 
villi (Fig. 360, /. ep) . 

Some investigators have expressed the opinion 
that the enteric plexuses mediate complete reflex 
arcs. Their sensory component Is believed to 
be a cell of the submucous or the myenteric 
plexus. Its dendrites end in the mucous mem- 
brane in contact with the epithelium of the villi 
or the glands of Lieberkuhn while the axons 
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transmit the impulse to another enteric neuron of 
similar nature whose axon ends in the smooth 
muscles. According to a widespread opinion, liowr- 
e\er, all neurons of the enteric plexuses are of 
efferent nature and no sensory fibers of local 
origin exist in the intestine. The sensory nerve 
endings in the mucous membrane, therefore, 
must be of extrinsic nature. The local reflexes 
in the intestine in this case are explained by the 
so-called “axon reflexes." The axons of the en- 
teric neurons are supposed to divide into two 


large glands attached to the duodenum, 
the liver tvhtch secretes the bile, and the 
pancreas which secretes the pancreatic 
juice. The wall of the intestine itself adds 
an important secretion, the inlestinal 
juice. 

Tile glands of Brunner, like the pyloric 
glands, secrete continuously. Their secre- 
tion is a viscid, mucous, alkaline liquid. 





Fig. 359. Diagrammalic representation of the relations of the elements of the gut plexuses as 
seen in Jongiludmal section of the girt wall. Jledraivn and modified from C. J. Hill. 


branches. The stimuli are received by the end 
branchings of one of them and the impulse is 
transmilled from this branch to the other with- 
out passing through the cell body. Tlie synaptic 
nature of the connection, winch iias been chosen 
as the basis for the description ju-f given, is sup- 
ported by the last majority ol authors. 

Histophyaiologic Remarks. An im- 
portant role in the digestion of the chyme 
in the small intestine is played by the two 


It also contains a proteolytic enzyme 
which is activated by hydrochloric acid 
and closely resembles pepsin, it is sup- 
posed to be especially active in the diges- 
tion of the collagen of adipose tissue, and 
Jjtus makes the iat of the latter easily ac- 
cessible to the action of fat-splitting 
enzymes. 

The intestinal juice proper is secreted 
hy the portions of the small intestine 
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which do not contain glands of Brunner. 
It is a yellow, alkaline liquid which al- 
ways contains small flakes of mucin mixed 
with desquamated epithelial cells and 
many micro-organisms. There are several 
important enzymes in the juice: erepsin, 
which breaks down the proteins to amino 
acids, a lipase, a nuclease, several enzymes 
for splitting carbohydrates, and entero- 
kinase which activates trypsinogen. North- 
rop has shouTi that the latter may he acti- 
vated by other means. A large part of the 


the various wandering elements which 
penetrate the epithelium and enter the 
cavity of the intestine. The mucus obvi- 
ously originates from the goblet cells in 
the crypts and on the villi. 

The secretion of the large intestine con- 
tains small quantities of enzymes. Its main 
constituent, the mucus, plays a mechanical 
role in providing the necessary consist- 
ency to the feces and lubricating the mu- 
cous membrane. 

The nutritive components of the chyme 


ep 



Fig, 360 Terminations of sensory fibers between tbe epithelial cells of a villus of a newborn 
rabbit. Silver method of de Castro' ep. Epithelium of villus; str, striated free border; se pi, sub- 
epilhelial plexus; /. ep, fibrils which penetrate between the epithelial cells; cap, capillary. 560 X- 
After C. J. Hill 


enzymes is absorbed by the mucous flakes. 
The mucin of the intestinal juice plays an 
important role in the formation of fec^. 

Secretin is a Hormone formed in the 
duodenal mucosa which is absorbed by 
the blood and stimulates the pancrea<i. 

The surface of the villi serves primarily 
for absorption, while the intestinal juice 
is secreted by the glands of Lieberkuhn. 
What cells of the latter are instrumental 
in the secretion of the enzymes is not 
knottn. It has been suggested, but not 
proved, that an important part in the for- 
mation of the intestinal juice is taken bj' 


are converted into soluble, easily diffu- 
sible substances so that they can be ab- 
sorbed. The partially digested proteins 
coming from the stomach are broken 
down into their constituent amino acids 
by the action of trypsin and erepsin The 
neutral fat is split into glycerol and fatty 
acids. Some authors have described the 
penetration of minute fat droplets through 
the border of the epithelium, but this has 
not been confirmed. The carbohydrates 
are transformed into simple sugars, 
mainly glucose. These substances are ab- 
sorbed by the surface epithelium of the in- 



416 


TEXTBOOK OF HISTOLOGY 


tesfine, especially by that of the villi. The 
total surface is esliinalefl at 4 to 5 square 
meters. 

This tissue la>er acts as a barrier 
through \vhich all nutritive substances 
have to pass before tliey can be utilized by 
the organism. The absorptive process can- 
not as yet be explained on the basis of 
known physical laws of diffusion and 
osmosis. After passiijg iJirough the epi- 
thelium the different substances undergo 
complex transformations in the first layer 
of Jiving cells they fneet. The nature of 
these transformations is for the most part 
obscure. Many investigators have en- 
deavored to elucidate the structural 
changes which take place in the isolated 
epithelium during fasting and absorption 
of different kinds of food substances, but 
up to the present the results are modest 
because of deficiencies in the liistophysio. 
logic technic now available. 

The description of the intestinal epi- 
thelium, as given above, applies to the fast- 
ing, that is, to the resting epithelial cells. 
During absorption, especially of proteins, 
changes in- the mitochondria iiavc been 
described by some authors. The long, slen- 
der, rod-shaped mitochondria break up 
into granules. At the height of absorption 
the part of the cell body between the Golgi 
net below and the homogeneous layer and 
tlie striated border above may present a 
large number of vacuoles. Some beliet'c 
the Golgi net to be the first part of the cell 
to show changes in connection with ab- 
sorijlion; the lacunae enlarge and are be- 
lieved to contribute to the formation of 
vacuoles. 

Proteins can rarely be seen on their way 
through the epithelium since they are ab- 
sorbed in the form of soluble amino acid« 
and probably carried at once by the blood 
of the portal vein to the liver. However, in 
young, especially in suckling animals, the 
striated border of the epithelium seems to 
be much more permeable to foreign sub- 
stances than in the adult. It is possible 


that even unchanged protein may enter 
by the intestinal epithelium of the young 
because it is adapted to the absorption of 
proteins with milk. Accordingly, in suck- 
ling mice, the epithelium of the small in- 
testine, especially in its lower part, con- 
tains many large granules of more or less 
solid inclusions, apparently of protein na- 
ture. They may be compared with the 
meconium corpuscles found in human 
fetuses (Fig. 302). Tliey have usually a 
distinctly yellow color which is believed 
to be due to the adsorption of bile pig- 
ment by the inclusions. Even microscop- 
ically visible particulate matter, as gran- 
ules of India ink, when fed to suckling 
mice |)enclrale the epithelium, a phenome- 
non which has never been observed in 
adults. 

Of all the nutritive substances, the 
transformation of the fat is the easiest to 
follow because it appears in the form of 
sharply outlined droplets which give char- 
acteristic staining reactions. During ab- 
sorption of fat, the striated borderland the 
subjacent homogeneous protoplasmic 
layer always remain free of fat droplets. 
The findings of observers who claim to 
liave noted foreign fat droplets within Ihe 
striated border during absorption have 
not been confirmed except, perhaps, for 
suckling animals. An increasing accumu- 
lation of fat droplets, at first small, and 
then larger, develops during absorption 
above the Golgi net and the nucleus. Tliis 
shows that at least a part of the soluble 
constituents of the fat molecule, glycerol 
and fatty acids, are absorbed througli the 
striated border and are at once synthesized 
by the epithelial cell into neutral fat. In 
what way the synthesized fat and its non- 
synthesized constituents find their way 
into the lacteals of the villi where they ap- 
pear as an emulsion, the chyle, is not 
known. Some investigators claim to have 
seen the fat droplets accumulate tempo- 
rarily between the basal parts of the epi- 
thelial cells. Others ha\e attributed an im- 
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poriant role to leukocytes iu the transfer- 
ring of the absorbed fat from the epithelial 
cells into the lacteals. This is probably not * 
correct. 

The amino acids and glucose enter the 
blood of the subepithelial capillaries and 
with it they are brought through the 
portal vein into the liver where they 
undergo further transformations. The 
largest part of the absorbed fat is carried 
away from the intestine with the chyle. 

If trypan blue is fed for a long lime to adult 
mice, this dye will he ab«<Mhed only in very 
«mall quantities which are not retained by the 
epithelium and are excreted by the kidneys. Small 
blue inclusions are found only exceptionally in 
the epithelium. But suckling mice, whose mother 
has been stained with parentcrally introduced 
trypan blue, and which, accordingly, receive 
slightly colored milk, soon develop a distinct 
blue staining o! the epithelium of the small intes- 
tine. Here the above-described protein inclusions, 
which normally are stained yellow with bilirubin, 
appear blue because of adsorption of trypan blue. 

If an adult rabbit or guinea pig receives trypan 
blue by subcutaneous or intravenous injection, 
the epithelium in the lower parts of the small 
intestine and in the colon accumulates an ap- 
preciable number of dye inclusions. In tliis case 
they are not combined with any preexisting pro- 
teins or other inclusions, but are of the same 
character as those found in the macrophages. 
This “true” storage has also been explained as 
being due to the reabsorption of the dye secreted 
from the blood into the juices of the upper part 
of the intestine. In suckling mice the parenteral 
application of trypan blue fails to produce a 
marked storage of the dye by the epithelium, 
presumably because there is not sufficient secre- 
tion of the dye in the upper part of the digestive 
tract. The “true” storage of the dye absorbed 
by the intestinal epithelium from the cavity of 
the intestine and especially the storage in macro- 
phages of the stroma seems to be influenced by 
the presence or absence of the dye in the circula- 
tion If adult animals are only fed with trypan 
blue without a concomitant parenteral introduc- 
tion of the dye, the dye absorbed by the epithe- 
lium is supposed to be eliminated at once into 
the blood which is free of dye and excreted by 
the kidneys. In a parenterally stained animal, 
the dye-containing blood is unable to take up the 
dye from the epithelium and the dye accumulates 
in the cells of the latter after sufficient time. 


\n important mechanism for the transmis«ion 
of substances which have been absorbed by the 
epithelium into the Wood and lymph are the 
motemenis of the villi They can be observed 
in a living animal (dog) if a loop of the intestine 
is split open and the surface of the mucous mem- 
brane is watched with a binocular microscope. 
There seems to* be no relation between the move- 
ments of the individual villi. Every villus con- 
tracts independently, approximately six times a 
minute Here and there a villus is seen suddenly 
to become shorter by about one half its length 
wliile its thickness remains unchanged, then it 



Fig. 361, Fluorescence photomicrograph of 
small intestine of rat during absorption of vita- 
min A concentrates. The \ilamitv A fluorescence 
is imparted by the epithelium, by the lamina 
propria of the villi, and by the contents of the 
lacteals After Popper and Greenberg. 

expands again Thus, during the contraction, the 
volume of the villus is greatly reduced and the 
contents of its capillaries and especially of the 
central lacteal are forwarded into the submu- 
cous plexus. When the villus expands, the liquid 
which penetrates through the epithelium is be- 
heved by some to reach the central lacteal and 
the blood capillaries The expansion calls forth 
another contraction and so on; the contraction is 
obviously due to the shortening of the longi- 
tudinal muscular strands of the core of the villus. 
The movement is believed to be regulated by the 
submucous plexus of Meissner; direct mechanical 
stimulation of the base of a villus with a bristle 
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also calls forth a contraction; the stimulus radi* 
ates from the affected villus to the surrounding 
ones. 

Ilistogcnctic Remarks. The histogenesis of 
the mucous membrane of the intestine resembles 
that of the stomach. At first the boundary be- 
tiveen the epithelium and the connective tissue 
is even. The development of villi begins in em- 
bryos of 20 mm. in the duodenum and gradually 
extends downward. In the duodenum, jejunum, 
and the upper part of the ileum they arise as 
isolated epithelial outgrowths. In the remaining 
parts o! the intestine, longitudinal ridges develop 
which later are subdivided by the transverse fur- 
rows into single viili. The number of (he villi in 


Tliey arc called meconi'um corpuscles and are 
similar to those seen in the lumen of the intes- 
tine. Their yellowish color is due to adsorption of 
bile pigment. Whereas some authors believe the 
meconium corpuscles to be material absorljed 
from the lumen of the intestine, others consider 
them as secretory material and believe that they 
are later eliminated into the lumen. 

Between the common epithelial cells there are 
now many typical goblet cells (Fig. 362, goi). 
Beginning with the fourth month, argentaffine 
cells make their appearance (Fig. 362, arg). Dur- 
ing the seventh month the cells of Panefh ap- 
pear. In the human fetus they seem to occur not 
only in the crypts, but also on the vxlii. 


mee 



Fig. 362. Epithehum of the tip of a villus of the small mtestlne of a human fetus of 4}^ months; 
4 cells with pale, large meconium corpuscles (mecl ; 3 goblet cells (gob) with darkly stained droplets 
of mucus; one argentaffin cell (arg), with granules at the base, stained with eosin. In the connecUvo 
tissue a lymphoc>te (/ym). 10-10 X- (A.A.M.) 


a given stretch increases through the appearance 
of new outgrowths in the hollows between the 
older villi. In a fetus of 100 mm. villi are found 
all along the intestine, including the colon, al- 
though they disappear from the latter in the later 
stages. This is due either to a fusion of the villt 
from their base upward or to their sliorteniug 
through the stretching of the growing wall In an 
embryo of 55 mm. the supranuclear protoplasm of 
the epithelial cells on the tips of the villi acejnires 
a transparent aspect, while on the free surface 
a condensed cytoplasmic Jajer develops Between 
these elements, scattered goWet cells appear. 

In a fetus of four months, the epithelium of 
the stlh has a manifold appearance In the lower 
parts of the small intestine the common epithelial 
cells with the clear supranuclear parts contain 
a multitude of coarse, yellow granules (Fig. 362). 


TTie development of the glands of Lieberkuhn 
also starts in the duodenum and proceeds down 
ward. In a fetus of the fourth month the excava- 
tions between the viili are lined with small 
crowded cells with a cytoplasm which is darker 
than that of the epithelium of the villi. From 
these cells evagtnations arise which penetrate the 
subjacent connective tissue. In the seventh 
month, besides the formation of glands from new 
invaginations, a dichotomous division of the 
bi/nd ends of the existing glands contributes 
largely to the continuing increase of the number 
of glands. B/farcaJhn of the crypts proceeds in 
the newborn. 

Tl»c glands of Brunner make their appearance 
diuing the sixth month as massive, epithelial 
ingrowths in the depth of the duodenal crypts. 
In a fetus of 290 mm. they are numerous in the 
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upper part of the duodenum and consist of 
branching tubules. Farther downward they art 
smaller and the infer>als between them larger. 
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LIVER, BILE DUCTS, AND GALLBLADDER 


THE LIVER 

The liver plays an indispensable pari in 
the metabolism of the body and in cer- 
tain digestive processes, including the 
elaboration of bile. TJie liver is the largest 
gland of the organism and weighs about 
1.5 kg. in men and slightly less in women. 

It occupies the upper right quadrant of 
the abdominal cavity, a part of its surface 
being attached to the diaphragm, ft arises 
in the embryo as an evagitialion of the 
intestine and develops into a compound 
gland ivhose secretory portions are 
branching and anastomosing tubules. In 
the loiver veterhrates this condition re- 
mains througliout life hut in the mammals 
the original architecture undergoes a com- 
plete remodeling. 

Lobule of the Mnnimalian Liver. 
The mammalian liver is made up of small 
polygonal areas, each of ^vhich repre- 
sents an architectural unit or lohule. _0.7 
to 2 mm. in diameter. 'Hie periphery of 
~each lobule is t ransluc ent and gray, while 
its center i s brown. In man the outlines of 
the lobules are usually indistinct because 
the connective tissue partitions between 
them are poorly developed, Jn the pig. on 
the contrary, each lobule is completely 
surrounded by a layer of connective tissue 
and the lobulation is obvious (Fig. 363). 
When a freshly sectioned surface of such 
a liver is scraped ;vith a knife, the soft tis- 
sue is squeezed out of the lobules and the 
remaining partitions give the impression 
of a honeycombed structure. In cirrhosis 
of the liver in man, the connective tissue 
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is greatly increased and the lobulation 
completely distorted. 

In the salivary and pancreatic gland« 
each lobule represents a mass of glandular ' 
tissue drained by a duct of a certain order 
and size. The liver lobules, however, do 
not depend on the duct system, but on the 
distribution of blood vessels. Tliis 
dearly seen in microscopic sections of a 
liver nhose blood vessels have been in- 
jeclcd with colored masses (Fig. 365). 

The lobule of the liver is a polygonal C>7 
prism which in cross section has five, six. 
or seven sides. The diameter of the cross 
section is decidedly smaller than the 
height of the lobule. RRnPmg 
center of the lobule, in its long axis, is 
centra) vein (Fics. 363. 3M), whii^iL 
the Deripherv are the branches of the 

• • '5 . .» > » -- 

‘ I 

network about the portal vein and its 
branches. 

In llie past an attempt has been made to de- 
scribe the liver lobule as the amount of liver 
tissue which surrounds and is drained by the 
smallest interlobular bile ducts. According to fhi« 
idea the center of the liver lobule would be the 
structures in the periportal areas and the lobule 
would extend into the parenchjTna of the sever.il 
surrounding anatomical lobules. This theory con- 
siders only the bile excretory function of the 
liver and overlooks entirely the fact that the liver 
is predominantly an endocrine gland. It also «1 h- 
regards the structure of this organ as seen in 
those species, as the pig, in which tlie liver 
lobule is demarcated by a continuous connective 
tissue layer into a distinct unit. (See Pfuhl, Arey, 

Opie for di«cussions of this point.) 
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Blood Vessels. The principal aflcrcnl structures and helps lo nourish the par- 
blood \es5el of the Hver is the portal vein, enchynia of the gland. In the living frog 
It collects the blood from the viscera of liver, numerous anastomoses have been 
the digestive tract and from the spleen and seen between the terminals of the hepatic 

Interlobular 



Fig 363 Lobuh of the lirer of a pjg Wa* reconstruction by Vjeritng. A portion of the /obole ts cut 
away to stio'f tlie bite capj3Jarits and amusnida 400 X After Braus 

enters the liver at the porta together >Mih artery and those of the portal vein. The 
the hepatic artery. The liver of the mam- blood is drained from the liv'er by the two 
mals receives a smaller part of its blood or more hepaiic veins; these enter llie in- 
supply from the hepatic artery. This rela- fenor vena cava as it passes through the 
tnely small vessel supplies the inlerlobu- fossa for this vessel, 
lar connective tissue and its contained Throughout the liver the terminal 
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branches of the portal vein and the radt- the sinusoids of the liver (Fi". SG5 
cles of the hepatic vein arc about equal Weap). , 
distances apart (Fig. 366). Each radicle s^^a ces sv ' • " • 

of the hepatic vein is surrounded by a lobule a- ' ■ ■ . . . 

layer of liver tissue of uniform thickness, lo^nl ar portal veins with the intralobula r 
and this mass constitutes the /tcpa/fc/obw/e central veins . They also receive blood 
, (Fig* 366, L). Because of their central from the branches of the hepatic artery, 
position in the long axis of the lobules, the Although the direct connections of the 
intralobular branches o! the hepatic vein sinusoids with both interlobular and intra* 



Fig i6i. Low power view of a portion of liver from a twenly*two->e3T-old man. Two cottiplele 
lolmles are surrounded I’y portions of other lohules: db, Bdc duct; tint, intcrlohular vein; art, branch 
of hepatic artery; vc, central vein; intbd, inlerloiiular connective tissue; l:b, Iner cell cords. 70 X* 
After Sobolla. . 

are called central veins (Fig. 366, C). lobular (central) veins can be traced in 
Several central veins join to form an sections, the connection between the he- 
intercalated vein — the sublobular vein of patic artery and the sinusoids can be seen 
the older literature* Several of these veins only in injection preparations and in the 
unite to form a collecting vein; these in living animal. The finest branches of the 
turn join to form the hepatic veins which hepatic artery empty into the sinuses at 
pursue a course through the liver inde- the periphery of the lobule. Tlie contrac- 
pendent of the portal venous system. tion or dilalalion of these vessels deter* 

Hepatic Sinusoids. The liver cell mines the amount of arterial blood reach* 
cords are separated from one another by ing a sinus at any given time. 
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The sinuses must be distinguished from which is so compact that practically no 
capillaries (see p. 234). As seen in living structural details can be made out within 
animals, the lining of the hepatic sinuses it (Fig, 368, o) . Its cytoplasm extends as 
appears as a continuous refractile line, a thin film along the sinusoid. The other 

' bl<^ap 



Fig. 365. Portion of the liver of a rabbit injected through the portal vein with Berlin blue and 
gelatin. A co mplete lob ule snrrnunds the central veinL blcap. Hepatic sinusoids; tin, interlobular 
veins; dbi, interlobular bile ducts; schv, large interlohnlar vein 54 X. After Sobotta. 

As seen in sections the lining is composed lining cells are fixed macrophages — the 
of an irregular alternation of two kinds phagocytic stellate cells of v. KupfT^r. 
of cells connected by many intermediate They ate distinctly larger than the cell 
forms. One of these, the undifferentiated type just described. In microscopic sec- 
lining cell, has a small dark nucleus tions their cytoplasm often extends into 
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Fig. 366. Diaptam allowing that the branches of the portal Tcin (Hack) -are separated from the 
radicles of the hepatic veins (cross batcheiS) by a uniform la)er of hepatic tissue (white) : P, Large 
branch of portal vein; Mp, medium-sized branch of portal vein; Iv, interlobular selns; C, centra! 
reins; Int, intercalated vein; Col, collecting vein; L, hepatic lobules. Redrawn and slightly modified 
after Pfuhl. 
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well defined processes and one often gets the tw'o cell types (Fig. 368, a, b, c, d), 
the impression that these cells project into The more vital dye introduced, the more 
the lumen (Fig. 360, d). They have large numerous and larger are the phagocytes, 
oval nuclei with a small prominent nu- The increase is thought to be due to mo- 
cleolus. Frequently these cells contain bilization of the undifferentiated lining 
granules of green waste pigment, or cn- cells. Smooth muscle cells have been de- 
gulfed erythrocytes in various stages of scribed at the junction of the sinuses is’ith 
disintegration, and iron-containing gran* the central veins. 

ules. In animals vitally stained with Marked changes occur continuously in 



c f/c 


Fig. 368. Li\er of rabbit, injected intravenously with India ink: Lc, Liver cell; Ere, erythrocyte 
in lumen of sinusoid; Elc, eosinophil leukocyte, a, cells of wall of sinusoid in resting condition; 
d, stellate cell of Kupffer; b and c. transitions from a to d. Hemaloxjlin-eosm-azure II stain. (AA.M.) 

lithium carmine or trypan blue they store the caliber of the sinuses and in the rate 
large amounts of these dyes in granular of flow of blood through them. For the 
form. The undifferentiated lining cells of frog ihesse changes have been explained 
the first type, however, do not store vital as resulting from the activity of sphincters 
dyes. When finely divided particulate mat- controlling the inflow and outflow of the 
ter such as Higgins’ India ink is injected blood of the sinuses. This mechanism per- 
inlravenously, carbon particles are de- mils the storage and release of blood from 
posited in the Kupffer cells and the indif* the liver. 

ferent lining cells of the liver sinusoids. Hepatic Cells, The liver cells are ar- 
The Kupffer cells take up more of the ranged more or less regularly in cords 
ink. Numerous Iransiiional forms connect which form columns extending radially 
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from the central vein to the periphery of 
the lobule. The cords may branch slightly 
and anastomose with nearby cords, but in 
spile of this their general direction is per- 
pendicular to that of the central vein 
(Fig. 304, Izb). Between them are broad, 
irregular, thin*walied sinusoids. The liver 
cells are polygonal in shape and have six 
or more surfaces. Most liver cells have 
one large round nucleus, although binu- 
cleated cells are not uncommon. The nu- 
cleus is quite vesicular; it has a smooth 
membrane and one or more very promi- 
nent nucleoli and a few small chromatin 
dots (Fig. 309). 



Inierlobutar bi/e dvci 


Fig. 369. Section through the margin of lobule 
from human liver, showing the connection be- 
tween a liver cell cord and an interlobular bile 
duct. The latter is surrounded by collagenous 
tissue. Bielschowsky silver impregnation and 
Rlallory-azan stain. 720 X- Drawn by Miss E. 
Bohlman. 

The cytoplasm of the liver cell presents 
an extremely variable appearance which 
reflects to some extent the functional state 
of the cell. Both glycogen and fat are dis- 
solved in the preparation of the usual sec- 
lions but by appropriate methods gly- 
cogen and fat inclusions are readily 


demonstrable in them (Figs, 9, 3, 1; 10, 
11). Their actual content of these con- 
stituents shows great variations under 
normal conditions. Sometimes the liver 
cells may be almost completely filled with 
glycogen, while at other times they may 
contain a large number of fat droplets. 
The content of the liver cell in protein in- 
clusions also shows great variations. Tlie 
relative amounts of these substances de- 
monstrable in the liver cells depend pri- 
marily on the amounts of carbohydrate, 
fat, and protein in the diet and on the 
stage of digestion. 

The liver cells contain a cytocentrum 
which may he obscured in the large cyto- 
plasm, mitochondria of extremely variable 
appearance, and a Golgi net close to the 
nucleus or, more frequently, toward the 
bile capillary. Tlicre are also vacuoles in 
the liver cells which stain supravitally with 
neutral red; their relation to the Golgi 
apparatus is unknown. Many attempts 
have been made to correlate the Golgi net 
and the mitochondria with the various 
functional slates of the liver. It is improb- 
able that the mitochondria play a role in 
the storage of glycogen. 

According lo one author, the liver lobule in 
the white mouse may be divided, on differences in 
the mitochondria, into three zones: (1) zone of 
permanent repose, (2) zone of permanent func- 
tion, (3) an intermediate zone. The zone of per- 
manent repose surrounds the central vein. Here 
the milocJiondria are fine, long, irregularly curv- 
ing threads of uniform thickness with' a few 
granular ones between them (Fig. 370, A). The 
mitochondria of this zone do not change during 
normal alimentation or in starvation. Tiiis zone 
probably constitutes a region of reserve, which 
becomes active only when feeding is excessive 
or when the adjoining parenchyma is injured 
The zone of permanent function lies at iJie 
periphery of the lobule (Fig. 370, C). Here the 
mitochondria always show evidences of activity. 
When the mice were not fed for eighteen to 
twenty-four hours, the mitochondria were fila- 
mentous in practically all of the cells of a given 
lobule except in this zone of permanent activity. 
The intermediate zone lies between the other 
two; in it the mitochondrial morphology changes 
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with the functional activity of the liver (Fig. 370, 
B). This rone is at rest during starvation; its 
mitochondria begin to iunclion with digestion. 
Accordingly, mitochondrial activity proceeds from 
the periphery to the center of the lobule during 
the course of digestion. 

By feeding fat the liver cells become some- 
what larger and full of fat droplets. The mito- 
chondria in this condition decrease as the fat 
increases. On feeding carbohydrates the cells 
become pale and between tbe glycogen granules, 
small, iron-containing particles and some fat 
droplets appear. On feeding proteins the cells 
become very large and full of protein inclusions. 

In spite of the manifold functions 
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of the membrane of the hepatic cells and 
requires special methods for its demon- 
stration. The bile canalicules run through 
the length of the liver cell cord and re- 
ceive short lateral branches which extend 
between the sides of adjoining liver cells. 
In planes running parallel to several ad- 
jacent cords, the bile canalicules of ad- 
joining cords frequently anastomose with 
one another. The canalicules are always 
intercellular; this has been verified by 
studies on the liver of living frogs. In 
some siiccies, the canalicules are stained 



Fig. 370. Cells from the liver of a white mouse fed proteins two hours previously, showing differ- 
ences in mitochondria: A, Cell from the zone of permanent repose; If, cells of the variable zone; C, 
cells from the zone of permanent function. 1200 X. After Noel. 


which the liver cells perform, there is a 
marked similarity in appearance in all of 
them. This is at variance with what is 
seen in other organs, in which highly spe- 
cialized functions are carried on by cells 
which morphologically are highly differ- 
entiated. It would appear that all of the 
liver cells are equally endowed with the 
same functional capacities, but that their 
active participation in these processes 
under normal conditions depends on the 
location of the cell in the lobule. 

Bile Canalicules. In adult man the 
User cell cords in cross section consist of 
but two adjacent cells between which runs 
a thin bile canalicule. It is a condensation 


by the methods for demonstrating phos-^ 
phatase. 

Connective Tissue of the Liver- The 
lobules of the liver are partially separated 
by the very thin strands of dense connec- 
tive tissue called-periportal connective^, 
^issuerThis is a part-of-CiiwonV-oap^H/^ 
the dense connective tissue sheathing the 
intrahepatic portions of the portal vein, 
bile duct, and hepatic artery, and is also 
continuous with the thin layer of connec- 
tive tissue of the peritoneum covering the 
liver. In the human liver it is normally 
small in amount and barely suffices to 
form a framew’ork for the interlobular ar- 
lery, portal vein, bile ducts, and lym- 
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phalics. (See Fig. 232.) In chronic infiam- 
malory conditions the connective tissue 
may be increased in amount and may 
shoK an accumulation of lymphoid celk 
and macrophages. In sections stained for 
collagenous and reticular fibers by Mai* 
lory’s aniline blue mixture or with one of 
the silver impregnation methods, the in* 
tralobular reticular fibers become visible. 
Tlie periportal collagenous connective tis* 
sue continues directly into' the dense net* 
work of reticular fibers which surrounds 
the sinusoids. Oi the laller fibers, the 
larger ones, as a general rule, run parallel 



Fig. 371. Human bile capillaries. Tfte capU* 
laries of one lobule are seen to anastomose with 
those of tiie adjoining lobule (below in the 
6gure): C, Central sein Chrome siher method. 
IID X" After Duhm, Dasidoff. and Huber. 

to the long axis of the sinusoid while the 
smaller ones form a dense interlacing net- 
work of cross, fibers {Fig. 373). 11115 net- 
tvork of fibers supports the liver paren- 
chyma. 

It is quite likely that the reticular fibers 
with their ground inembrane (Fig. 47), 
together with the lining and Kupffer cells, 
form a complete wall for the sinusoids 
(Fig. 37S). This. Uniag completely sepa- 
rates the blood from direct contact with 
the liver cells and the space between this 
membrane and the hepatic cells is avail-' 


able in the interior of the lobule for the 
transfer of lymph. 

Lymph Spaces. In ibe liver the she of origin 
of the lymph and its mode of entry into the 
periporisl lymphatics are unknown. As seen in 
ordinary sections, the liter cells are in intimate 
contact Vfiih the thin lining of the sinusoid? 
on one side and the bile capillaries on the oppo- 
site side. According to some estimates, one third 
to one lialf of all the Ij mpli of the body originate* 
in the liver, and jet the lymplialic vessels begin 
in the periportal connective tissue about the 
terminal ramihcalions of the portal vein (Fig. 
374). L)'Tnplistic capillaries have not been demon- 
strated within the User lobule. Accordingly, it 
has been assumed by some that a potential lym- 
phatic space exists beiiveen the smtisoidal lining 
and the liver cells (see above paragraph). This 
space cannot be demonstrated by injection meth- 
ods. 

Rcgcncrotioii. If portions of the liver are re- 
moved by surgical intervention so that onl> 
about 30 per cent of its substance remains, in 
four or five weeks, in the rat, it will hate returned 
to approtimaiely its normal size. In dogs, after 
six to ei^t weeks, a secUon of the regenerating 
liver looks like one from the norma) gland. Each 
lobule buds into a new lobule,* the increase In 
the number of hepatic cells necessary for the 
bud takes place by mitosU. To a small extent it 
is probable that some of the newly formed liver 
cells arise, os in the embryo, by diO’erentiating 
from the interlobular bile ducts. 

Ilistopliysiologic Remarks. No 
s(ructurn) characteristics of the liver cells 
have been correlated constantly with the 
excretion of any of the biliary constitu- 
ents, All of the hepatic epithelial cells 
seem to have the same abilities. 

The liver plays an important part in the 
intermediate melabolism and storage of 
carbohydrates, in the melabolism of fats 
and of amino acids, and in the syntbesi? 
of proteins. It serves as a depository for 
numerous vitamins, enzymes, and hor- 
mones. The Tmmber of chemical syntheses 
carried out by the liver is large. It secretes 
bile into the the bile passages, synthesiz- 
ing the bile salts and excreting the bile 
pigments elaborated elsewhere from the 
hemoglobin of destroyed red blood cells. 

It is rich in fixed macrophages — the Kupf- 



Fig. 3?2. Portion ol livor ol a itvjng fro?. Niitiirjl miectioti with fiuore«ce«n, as seen bj ultra 
vioiei light: a, Li\er celi cords; b, bile capillaries; c, siBu*o5iis; d, intliestiens of nuclei of hepatic 
cell*. 600 X- nedrav.n and sbclitl) nwMlifie*! ofjw Ellinper and Hin. 
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fer cells — whicli have funcllons similar mones, the endocrine functions of the 
to those of macrophages elservhere in the liver are concerned with the storage of 
body. Chang es in the caliber of its vessels various foodstuffs and of the antianemic 
mahejlieJ iver an imporla nJ_stojehause factor necessary for red blood cell forma- 
andjeguklor of - the .citculatiag-hlood. lion. Hep-irin is stored and perhaps made 

When the liver is removed by ordinary in the liver. Fibrinogen is made in the 
surgical methods the animals die in a few liver and given off to the passing blood. 



Fig. 374. Thick section of a liver of an adult cat; cleared in oil of wintergreen. The lymphatic 
network appears pale and the Wood vessels dark. The lymphatic vessels are confined to the inter- 
lobular connective tissue, where they surround the branches ol the larger blood vessels and bile 
ducts. 16 X- After F. C. Lee. 


minutes. However, when a collateral cir- 
culation has developed as a result of pre- 
liminary operations, dogs may survive 
hepafectomy for thirty-six to forty hoars 
if they are injected frequently with sugar 
solutions. 

In contrast to the other glands of inter- 
nal secretion which elaborate potent hor- 



and decreases during fasting; in this con- 
dition it may even disappear completely. 
Glycogen is present in submicroscopic 
particles ; the granular appearance in sec- 
tions is due to the fixation. When gly- 
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cogen is stored in increasing amounts in 
the liver cells, it is seen at first in the cells 
around the central vein; when sufHcienl 
carbohydrate food is eaten all of the liver 
ceils may take up glycogen. Tlie liver 
gives up its glycogen in the reverse order, 
that is, the cells at the periphery of the 
lobule are the first to give up this sub- 
stance. It is claimed that in mice the first 
site of deposition and removal of glycogen 
is about the central vein. 

Another important function of the liver 
is the himaiioti of urea from ammo- 
nium carbonate. The stages of this proc- 
ess are not demonstrable under the micro- 
scope. 

The liver cells contain much fat but an 
estimate of the amount present cannot be 
determined by microcliemical histologic 
methods, for a good deal of it may exist 
in a masked form in the liver. Under some 
pathologic conditions the liver cells may 
take up 80 much fat that most of the other 
conalltuenls of their protoplasm are ob- 
scured, and yet an individual with such a 
li\er may present no evidence of hepatic 
insufficiency. 

Bile, the external secretion, is appar- 
ently elaborated continuously. It contains 
\sater, bile pigments, bile acids, choles- 
terol, lecithin, neutral fats and soaps* in- 
organic salts, and traces of urea. The bile 
receives, from the epithelium of the bile 
ducts and possibly from the neck of the 
gallbladder, a mucinous nucleo-albumin. 
Bile pigment (from broken-down erythro- 
cytes) is formed outside the liver cells. 
The bile acids are formed in the liver cells 
for, if the liver is extirpated, no trace of 
bile acids can be found in the blood or 
urine. It is probable that cholesterol is 
not formed in the liver. When the excre- 
tion of bile is interrupted by mechanical 
obstruction of the bile ducts, bile con- 
tinues to be formed and is absorbed from 
the liver at first through the lymphatics 
and later also by the blood vessels of the 
liver. When the bile pigment reaches a 


concentration in the blood and tissues 
sufficient to stain the entire body yellow 
the condition is known as jaundice. It 
may also be produced through the action 
of certain blood-destroying agents. Pure 
bilirubin is not toxic; the bile acids are. 
Occlusion of the common bile duct causes 
a great disturbance in the digestion and 
absorption of fats owing to the absence of 
bile acids from the intestine. After certain 
dyes are introduced into the organism, 
they may he found in the bile. If a bit of 
liver be leased at an appropriatft time 
after the injection of sodium sulfindtgo- 
tate, the bile capillaries will be beautifully 
demonstrated. 

BILE DUCTS 

The biliary passages are composed of 
an intrahepalic and an extrahcpatic por- 
tion. The former consists of the intercel- 
lular (intralobular) bile canalicules and 
the interlobular bile ducts of the first and 
second orders. The interlobular ducts of 
the right and quadrate lobes form the 
right hepatic duct, while those of the left 
and caudate lobes form the left hepatic 
duct. The right and left hepatic ducts fuse 
and form the common hepatic duct; this 
receives the cystic duct, after uhich it con- 
tinues to the duodenum as the common 
bile duct. 

The constituents of the bile are emptied 
into the bile canalicules which commimi- 
catc with the interlobular bile ducts by 
the canals of Hering (Fig. 369). The 
finest radicles of the bile ducts are 15 to 
20 in diameter and have a relatively 
small lumen surrounded by cuboidal epi- 
thelial cells. The cells lining the duels do 
not have a cuticular border. Their cyto- 
plasm rarely contains fat droplets. The 
cells show an occasional mitosis. These 
small ducts lie on a basement membrane 
which is immediately surrounded by 
dense collagenous bundles. 

The interlobular bile ducts form a 
richly anastomosing network which 
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closely surrounds the branches of the por- 
tal vein. In progressing toward the porta, 
the lumen of the ducts becomes gradually 
larger, while the epithelium becomes 
taller (the ducts of the second order) and 
has a layer of mitochondria at the base of 
the cell and another near the 'free border. 
These cells contain large numbers of fat 
droplets and, when these are very numer- 
ous, cholesterol crystals. Although a faint 



Fig. 375. Tip of a fold of the muco«a of a 
human gallbladder, with migrating l>mplioc>tes 
in the epithelium. The blood vessels in the 
lamina propria are collapsed. 500 X« Courtesy 
of B. Halpert. 

thickening of the periphery of these cells 
may be seen in some animals, it is not 
found in man. Lymphocytes are fre- 
quently seen migrating through the epi- 
thelium into the lumen. As the ducts be- 
come larger the surrounding layers of col- 
lagenous connective tissue become thicker 
and contain many elastic fibers. At the 
transverse fossa of the liver, the main ducts 
from the different lobes of the liver fuse 
to form the hepatic duct. 

The epithelium of the extrahepadc 
ducts is tall columnar. The mucosa is 
throum into many folds and is said to 
yield an atypical variety of mucus. The 
scanty, subepithelial connective tissue con- 


tains large numbers of elastic fibers and 
some wandering lymphoid cells and occa- 
sional leukocytes; many of these pene- 
trate the epithelium and pass into the 
lumen. Scattered bundles of smooth mus- 
cles first appear in iJie common bile duct; 
they run in the longitudinal and oblique 
directions, and form an incomplete layer 
around the ivall of the duct. As it nears 
the duodenum, the smooth muscle layer 
of the ductus cboledochus becomes more 
prominent and its intramural portions 
function as n sort of sphincter in regulat- 
ing the flow of bile (see following text). 

THE GALLBLADDER 

TTie gallbladder is a pear-shaped, hol- 
low viscu§ closely attached to the pos- 
terior surface of the hVer, 7t consists of a 
blindly ending fundus, a body, and a neck 
which continues into the cystic duct. Nor- 
mally it measures approximately 10 X 4 
cm. in adult man and has a capacity 
in most animals of 1 to 2 cc. per kilogram 
of body weight. It shows marked varia- 
tions in shape and size, and is frequently 
the scat of patliobgic processes which 
change its size and the thickness of its 
wall. The mucosa is easily destroyed, so 
that in most specimens removed even a 
short time after death, large areas of 
epithelium are found to he desquamated 
or disintegrating. 

The wall consists of the folloiving lay- 
ers: (J) a mucous layer consisting of a 
surface epithelium and a lamina propria, 
(2) a layer of smooth muscles, (3) a peri- 
muscular connective tissue layer, (4) a 
serous layer, covering a part of the organ. 
The mucous layer is throivn into frequent 
folds. The major folds are subdivided by 
many smaller folds; they are easily seen 
in the contracted or even partially dis- 
tended organ. But when the viscus is 
greatly distended, its ivalJ becomes much 
thinner and most of the folds disappear 
although some of them can always be seen 
(Fig. 377). 



LIVER, BILE DUCTS, AND GALLBLADDER 
The epithelium consists of tali columnar these cells as in the epithelium of the bile 
cells with oval nuclei, containing a few ducts. Goblet cells do not occur. Except 
scattered chromatin granules, totvard the in the neck of the viscus, there are no 
base of the cell (Fig. 375) . The cytoplasm glands in its mucosa, 
stains faintly with eosin. A striated bor- In the lamina propria and in the peri- 
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Perlmascular connective tiesue 

Fig. 376 Camera Jucida drawing o! a blwk Irom human gaitblaclder. Stained wish hematoxylin. 
32 X- Drawn by Miss E. Bohiman. 

der, \vhich is so characteristic in the intes- muscular layer near the neck of the gall- 
linal epithelium, is lacking here although bladder are relatively simple tuhulo- 
it has been frequently said to occur. Oc- alveolar glands. Their epithelium is cu- 


casionally, with appropriate technic, neu- 
tral fat and other lipins may be demon- 


boidal and clear, and the dark nuclei are 
compressed at the base of the cell. The) 


strated in the cell bodies. Mitochondria thus stand out sharply against the darker, 
have been demonstrated in two zones of tall columnar epithelium of the gall- 
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bladder. These glands are said to secrete 
mucus. 

Peculiar small diverticula or outpouch* 
ings of the mucosa have sometimes been 
confused with glands. These outpouchmgs 
are lined with and are continuous with 
the surface epithelium and extend through 
the lamina propria and the muscular 
layer; they are frequently slightly dilated 
at their blind ends. These are the Rokitaii' 
sky-AschojJ sinuses and probably are m* 


Shers. These are accompanied hy a net- 
work of elastic fibers. The spaces between 
the bundles of muscles are occupied by 
collagenous, reticular, and some elastic 
fibers, with a sprinkling of fibroblasts. 
The blood vessels and lymphatics which 
are contained in the perimuscular layer 
send branches into and through the mus- 
cular layer to the mucosa. 

Under the muscular layer fs a fairly 
dense connective tissue layer Avhich com* 



Fig. 377. Section of wall of gallbladder of Macacos rhesus. Fixation hy vascular jjerfusion. Photo* 
micrograpli. 142 X. 


dicators of a pathologic change in the 
wall of the organ which thus permits an 
evagination of the mucosa through the 
enlarged meshes of the muscular network. 
They are not found in embryonic gall- 
bladders and should not be confused with 
the “true” ducts of Luschka described be- 
low, for the latter never communicate 
with the lumen of the gallbladder. 

The next layer of the ^vall is composed 
of an irregular network of longitudinal, 
transverse, and oblique smooth muscle 


plelely surrounds the gallbladder and is in 
places continuous w’ilh the interlobular 
connective tissue of the liver {Fig. 377)* 
It contains many collagenous and a few 
elastic fibers and scattered fibroblasts 
ivith a few macrophages and lymphoid 
wandering cells, small lobules of fat cells, 
and the blood vessels, nerves, and lym- 
phatics supplying the organ. 

Not infrequently, particularly in the hepatic 
si^ace and near the neck, are peculiar, ductlike 
structures. They may be traced lor cons'ideraMe 
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disJanccs in tlus connective tissue lajer and 
some of them ha^e been shown to be connected 
with the bdc ducts. TJ>ey are never connected 
wjih tile lumen of llie gallbladder and are prob- 
ably aberrant bile ducts which have been laid 
down during the embryonic development of the 
biliary system. They have been caUc<l “tnie** 
Luztk^a ducts to distinguish them from epitbe- 
Jial ouipouchlngs of the mucosa (see above). 

The portion of the gallbladder not at- 
tached to the liver is covered with the 
peritoneum. Through it the ramifying ax- 
teries, veins, and lymphatics can be seen 
with the unaided eye. This seroial layer 
is continuous with that covering the liver. 

The gallbladder at its neck continues 
into the cystic duct. The wall of the latter 
IS thrown into prominent folds which con- 
stitute the spiVflf valve of Heister. These 
are said by some to contain smooth mus- 
cle bundles. These folds are thought to 
pre\‘enl distention or collapse of the cystic 
duct v.hen the latter is subjected to sudden 
pressure. 

Blood Veft»«is, The gallbUddei is supplied 
whh blood by the cystic artery. The venous 
blood is collected by veins which empty pri- 
marily into capillaries of the bier and only 
•econdarily into the cystic branch of the porta! 
vein. A prominent feature of the gallbladder is 
its rich supply of lymphatic vessels of which 
there are two mam plexuses, one in the lamina 
propria (but not within the rugae) and the other 
in the connective tissue lajer. The latter plexus 
receives tributaries from the liver, thus affording 
an explanation for hepatogenous cholecystuls. 
These plexuses ate collected into larger lym- 
phatics which pass through the lymph node or 
nodes at the neck, and then accompany the cystic 
and comon bile ducts They pass through several 
i>Tnph nodes near the duodenum and hnally 
communicate with the cisterna cfayli 
Nerves. The nerves are branches of the 
splanchnic sympathetic and the vagus nerves. 
The effects of stimulation of these nerves have 
given rise to contradictory results in the hanik 
of different investigators. It is probable that bo^ 
excitatory and inhibitory fibers are contained in 
each of them. Of greater chnical importance are 
ihe sensory nerve endings, since overdistcntion 
or spasms of the extrahepatic biliary tract inhibit 
respiration and set up reflex disturbances in the 
gut tract. 


Histopltysjologic Remarks. The 
gallbladder serves as a reservoir for bile 
which is probably excreted by the Hver 
continuously, if at difTeienl rates. Inges- 
tion of fat or meal automatically dis- 
charges this reservoir. After a standard 
meal of cgg-yolks, for instance — a maxi- 
mal stimulus — three-fourths of its con- 
tents are expelled within the first forty 
niinutes (mean figure for 76 individuals). 
Tltts rate is not diminished in old age, hut 
before puberty tbe male gallbladder emp- 
ties more rapidly, and after puberty more 
slowly than the fetnale, w'hich maintains a 
constant rale. 

The prevalent view that bile is expelled 
by the gallbladder musculature is sup- 
ported by such facts as the occurrence of 
rhythmic contractions in isolated strips of 
the gallbladder trail, by the rise of intra- 
vesical pressure after ingestion of food, 
by tbe change in shape which the gall- 
bladder undergoes when it begins to empty 
and by the fact that it responds to intra- 
venous injection of cholecystokinin — a 
secrctin-Iike substance that has been ex- 
tracted from the mucosa of the small in- 
testine. 

Of special clinical importance is the in- 
spissating function of the gallbladder. Not 
only does its mucous membrane w'ithdraw 
•water and inorganic ions from the bile but 
it will concentrate substances in it that ore 
opaque to the x-ray — such as the halogen 
salts of phenolpbthalein (Graham-Cole 
test). Failure to visualize the gallbladder 
after this test indicates that the organ is 
diseased or occluded. Whether, under 
normal conditions, it will absorb more 
than negligible amounts of other con- 
stituents of the bile has never been dem- 
onstrated. But if the mucosa be damaged 
it may lose its concentrating power or 
become semipermeable. Undoubtedly, ab- 
sorption of bile salts under such condi- 
tions is an important factor in the precipi- 
tation of gallstones; and after obstruc- 
tion of the cystic duel the bile may be 


IS 
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resorbed in toto or replaced by “white 
bile,” a colorless fluid consisting largely 
of exudate and mucus. 

Its varying “physiological capacity” in 
diflerent species depends upon its ana- 
tomical capacity, its concentrating power, 
the total output and concentration of 
hepatic bile and the sphincteric resistance 
exerted at the choledocho-duodenal junc- 
tion. 


often folloued by a marked dilatation of 
the biliary passages. 

THE CHOLEDOCHO-DUODENAL 
JUNCTION* 

In man this zone comprises the portion 
of the duodenal wall that is traversed by 
the ductus choledochus and pancreaticus 
and by the short ampulla into which they 
usually empty. For most of its length it 



Fig. 378. Transverse section of the plica longitudinalis of a 43 cm. human fetus. 3t X- After Boyden. 
Surgery, 1937. 

consists of an oblique passage through the 
Siibmucosa of the plica longitudinalis, but 
pToximally it is guarded by a contractile 
“w'indow” in the muscle of the duodenum, 
and distally by the valvules of the ampulla 
of Vater. From “window” to ostium, asso- 
ciated bile and pancreatic passages are 
invested by a common musculus proprius^ 
called the sphincter of Oddi. 

* This section was contributeJ hy E. A. Boyden. 


There is a little evidence in favor of a 
secretory function of the gallbladder. A 
variety of mucus is added to the bile as it 
passes down the larger bile ducts and 
mucus-secreting glands are fairly numer- 
ous in the neck. But the greater part of 
the gallbladder epithelium does not se- 
crete mucus. 

In a few animals, a gallbladder is nmer 
present. Its surgical removal in man is 
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The Fenestra Choleilocha. Upon re- 
moving the ducts the aperture in the in- 
testinal musculalute is seen to resemble a 
“gridiron incision” — a lengthwise hiatus 
in the longitudinal layer being superim- 
posed upon an obliquely transverse win- 
dow in tbe circular layer, the two being 
somewhat camouflaged by *'reinjorcing 
fibers” and by "connecting fibers** that 


sphincter choledockns (Fig. 37S), a 
strong annular sheath a centimeter or less 
in kngth, which invests the common bile 
duct from just outside the fenestra to its 
junction with the pancreatic duct; (2) the 
fasciculi longiiudinales, anterior and pos- 
terior longitudinal bundles which cover 
.the interval between tbe t%¥o ducts and 
extend from the margins of the fenestra 




Fig. 379. Mucosal surlace ot macerated si>eCimen iitu$lraimg niaximurn development of sphincter 
ampullae. A, Papilla lying in natural po‘)t)on after removal of mucosa; B, papilla elevated, with 
distal half snipped off, to show underlying fibers and the relation of sphincters to ducts; and i?*, 
bands of connecting and reinforcing fillers. 4 After fCreilkacnp and Boyden, IWO. 


liass to the ducts from the margins of the 
aperture. The shape and size of the latter 
determine the gauge of calculi that can 
enter the wall and tbe degree lo which 
duodenal tone and peristalsis will inler- 
fere with the passage of bile- As soon as 
the ducts enter tills “window” they begin 
to taper. 

The Sphincter of Oddi. This muscle 
varies greatly in different species. In man 
it may consist of four parts: {!> The 


(or from the extra-duodenal portion of 
Uie ducts) to the ampulla; (3) the sphinc- 
ter ampullae, a delicate meshwork of 
fibers about the ampulla of Valer (if pres- 
ent) and strongly developed in only one- 
sixth of adults; and (4) ihe sphincter 
pancreaticus, present in one-third of 
adults as a band encircling the pancreatic 
duct just before it joins the ampulla. The 
first is so placed as to slop the flow of bile 
(thus causing tbe gallbladder to fill dur- 
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ing lasting), ihe second (o shorten the IlisIopIlyBinlogic nemarhs. The 
intramural portion of the ducts (thus fa- most important part of Ihe musculus pro- 
cilitating the flow into the duodenum) and prius is the sphincter cholcdochus. Dm- 
the third, when strongly developed, to ing fasting this muscle retains the bile 
create abnormally a continuous channel against the secretory pressure of the liver, 
between bile and pancreatic ducts (thus causing it to back up into the gallbladder, 
permitting reflux of pancreatic juice into the mucosa of which then concentrates it. 
the biliary tract and vice versa) . , Upon ingestion of food, the sphincter re- 

Enthryologicatlj', the spliincter of Oddi dif- laxes and the gallbladder contracts, with 
ferentiates insfm from mesencli>me and is notan the result that concentrated bile usually 



Fig. 380. liead of the hepatic duct of 8 16 mm. human embryo. B cap. Bile capillariesi End, 
lining cells of tlie sinusoids; He, hepatic cells; Hd, hepatic duct; Mes, mesenchyme; Pbc, primhn'e 
blood cells; Sin, sinusoids. Note continuity of hepatic duct and its lumen vfith hepatic cell cords 
and bile capillaries respectively. Eppmger stain for bile capillaries. 700 X. 


emanation from intestinal muscle, although it 
may connect with it subsequently. It first appears 
about the 45 mm. stage, as an ins-shaped ring 
within the eye-shaped fenestra of the circular 
muscle of the duodenum; then it differentiates 
in the direction of the papilla, much as the mus- 
culus ptoprius of the ureter grows from the 
bladder toward the kidney. Upon this gradient is 
superimposed a preampullary zone of growth 
which carries the developing sphincter chole- 
dochus away from the intestinal rnuscle and sets 
up as an independent mechanism. 


reaches the duodenum within seven to fif* 
teen minutes. 

Following cholecystectomy or chronic 
obstruction of the cystic duct, the sphinc- 
ter of Oddi usually hypertrophies. Under 
other conditions it may become spastic 
for longer or shorter peyiods, often caus- 
ing pain in the right hypochondrium sinii- 
lar to that of gallbladder disease^ — a con- 
dition known as biliary dyskinesid. Re/lux 
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of pancrealic juice into the bUiaiy psis- 
sages, {o]lo^ving spasm of the sphm<^er 
ampullae, is thought to be one caus-e of 
cholecjstitis. In pregnancy, increase in 
tone of the sphincter delays the discharge 
of bile after meals; and in the presence of 
certain foods to rvhich the patient has be* 
come sensitized, it may prevent the flow 
of bile entirely. In the presence of peptic 
ulcer, on the contrary, gallbladder bile is 
discharged more rapidly than under nor* 
mal conditions. Only three substances are 
effective therapeutically in relaxing a spas* 
tic sphincter of Oddi — egg -yolk, nitro- 
glycerine, and amyl nitrite. Animal ex- 
perimentation indicates that section of 
specific nerves to the choledocho-duodenal 
junction retards, rather than accelerates 
the discharge of bile. 

IlUtojienesls of tlic Li^cr and its Ducts. 
The Iner atwes early in the embryo as a dtver- 
ticuium of the midgut. ft appears as a ventral 
outgrowth which soon become^ hollow and lined 
by columnar epithelium; its cavity is continuous 
with that of the intestine. Hie hepatic diver- 
ticulum then evtenda into the mesenchyme of 
the septum transversum. In a 4 mm. embryo the 
liver consists of a thin stalk which is capped 
by a proliferating mass of liver cell cords In a 
10 mm embryo the stalk has divided into tv>o 
main branches which go to the right and left lobes 
of l!ie liver. There is also a caudal diverticulum 
of the stalk which is the pnmordium of the 
future gallbladder and cystic duct The liver 
cell cords continue to proliferate and even in 
embryos of 10 tnm. contain bile capillanes. At 
lhe=e stages, the liver cords are distinctly tubular 
and may have five or six liver cells radiating 
around each lumen In etnbr) os of about 20 mm , 
will) the ingrowiii of connective tissue about the 
portal vein into the liver, interlobular bile ducts 
appear in this connective tissue and accompany 
the porta! vein throughout its future ramifications 

As the connective tissue continues to extend 
into the hver substance along with the branches 
of the porta! vein, the liver becomes divided into 
lobules. The exact mechanism by which the small 
liver of the newborn grows into the large organ 
of the adult is not known. 

Blood formation begins very early in the liver 
and becomes so developed here that fox a time 
It IS thft main blood forming organ of the «n- 


biyo (p. 102). Blood formation stops in the 
liver at about the seventh month of fetal life, 
althou^ this potency remains here for the life 
of the individual and not infrequently is brought 
into play in the course of certain diseases In 
extra-uicrine life. 

Bile capillaries form a continuous system in 
the youngest human embryos. At first these canal- 
tcules arc continuous with the main hepatic ducts 
and, during the progressive embryonic develop- 
ment of the liver, with the finer branches of the 
Snterlohuiar ducts. Tiiere are two main theories 
as to lire mode of origin of the ducts. The more 
probable of these is that the liver cells develop 
by brarudiing from the head of the embryonic 
duct prifflordium end that, »vith the ingrow th of 
connective tissue into the liver substance, those 
liver cords nearest tiie connective tissue are 
transformed into ducts. 
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Chapter XXI 


PANCREAS 


Next to the liver, the pancreas is the larg- Tlie pancreas is a pink-white organ 
est gland connected with the alimentary which lies in the retroperitoneum at about 
tract. It consists of an exocrine portion the Ie\-cl of the second and third lumbar 
which elaborates certain digestive juices, vertebrae; on the right it is intimately ad- 
and an endocrine portion whose internal hcrent to the middle portion of the duo- 
secretion plays an important part in the denum and extends transversely across 



Fig. 381. Photomicrograph of a human pancreas blowing sereral islets and one large interioLular 6uct, 
65 X. 

control of the intermediate carbohydrate die tody to the spleen. In the adult it 
metabolism of the body. Unlike the liver, measures from 20 to 25 cm. in length and 
, in rvhicK both exocrine and etuiocrine varies in weight from 65 to IGO gm. The 
functions are carried on by the same cells, pancreas is covered by a ihin layer of 
the exocrine and endocrine functions of connective tissue rvhich does not, how- 
the pancreas are carried on by distinctly ever, form a definite, fibrous capsule. It is 
diiTerent groups of cells. finely lohulaicd and the outlines of the 

4.(1 



442 


TEXTBOOK OF HISTOLOGY 


larger lobules can be seen wUli the naked 
eye. It is usually described as having a 
head, a body, and a tail. The head is 
slightly thicker than the rest and fills the 
loop formed by the middle portion of the 
duodenum, to u'hich it is intimately ad* 
herent. It partially encircles this viscus 
and in very rare cases may surround it 
completely. The lower part of the head 
contains a groove through which the mes* 
enteric vessels pass. 

Exocrine Portion. Tlje pancreas is a 
compound acinous gland ^vdiose lobules 
are bound together by loose connective 
tissue through which run blood \'csscls, 
nerves, lymphatics, and excretory ducts 


mogeneous or may show a faint longi- 
tudinal striation, due to the presence of 
filamentous mitochondria in it. The supra- 
nuclear portion — that is, the part bel^^een 
the nucleus and the lumen — is filled wth 
a number of highly refractile granules. 
*111656 are the secretion granules and vary 
greatly in number, depending on the stage 
of secretion. Occasionally, even in the liv- 
ing cell, fine clefts can be observed be- 
tween these granules. This is probably the 
canalicular apparatus and if the secretion 
granules are stained supravitally, these 
canals become still more prominent. In 
sections stained with hematoxylin and 
eosin after Zenker-formol fixation, the 



Fig. 382. Section of human pancreas sI)owing relation of acinar to centro-acinar celJs. BielscJjowsIcy- 
Fooi and stain. 72(7 X> 


(Fig. 381). TIte acini which form the ex- 
ternal secretion vary from rounded struc- 
tures to short tubules. They consist of a 
single rmv of pyraiuiSal epithelial cells 
resting on a delicate reticular membrane 
and converging toward a central lumen. 
The size of the lumen varies with the 
functional condition of the organ; thus, 
it is small when at rest, but during active 
secretion becomes distended with secreted 
material. Between the acinar cells are fine 
secretory capillaries which are connected 
with the central lumen. 

The acinar cells shoiv rather striking 
differences in the various stages of secre- 
tion. In general, the basal part of the cell 
when seen in the living condition is ho- 


basal parts of the acinar cells stain a dark- 
purple while the secretory granules are a 
bright orange red. 

The relationships between the basophil 
homogeneous zone at the base (Fig. 382), 
apparently rich in ribose nucleoprotein, 
and the amount of secretory granules de- 
pend on the slate of digestion; these rela- 
tionships are clearly shown in the accom- 
panying figure (Fig. 38-1) in which the 
Golgi apparatus is stained black and the 
secretory vacuoles appear as paler dots. In 
B, which is an acinus from a resting 
gland, the proximal portion of the cells is 
homogeneous, nhife the distal portion 
contains a moderate number of secrelion 
granules, more or less separated from the 
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remainder of the cell by the network of 
the Golgi apparatus. In A, which is from 
a starving animal, the number of secre- 
tion granules has increased greatly, and 
in several places these have extended into 
the basal or proximal zone of the cell and 
the Golgi apparatus is much more diffuse 
than in B. In C, which is an acinus from a 
mouse which had been injected three hours 
previously with pilocarpine, the amount 
of homogeneous protoplasm is greatly in- 
creased and all of the secretory granules 
have been discharged into the lumen, 
about which the Golgi apparatus forms a 
limiting network. 

The nucleus is spherical, it contains 
much chromatin, and one or two promi- 
nent oxyphil nucleoli. In some animals the 
cells frequently contain two nuclei, but 
this is relatively infrequent in man. Mitot- 
ic figures are rarely found in the acinar 
cells of a normal, active gland in the 
adult. 

Between periods of active secretion, the 
resting cells accumulate secretory gran- 
ules, apparently at the expense of the 
homogeneous basal cytoplasm, but, as in 
the case with secretion granules in general, 
the chemical precursors of the granules are 
unknown. 'Vaijous theories have heen set 
forth, it being believed by some investiga- 
tors that the zymogen granules arise from 
the chromophil substance or from ex- 
truded nuclear material, by others from 
the mitochondria, and, most recently, it 
has been claimed that the first secretion 
granules during a new secretory phase 
arise in intimate contact with the Golgi 
apparatus. It has not been proved, how- 
ever, that the zymogen granules arise by 
direct transformation from any of these 
cytoplasmic constituents. 

Islets of Langcrlians. In addition to 
these external secreting portions of the 
gland, the pancreas also contains islands 
of Langerhans (Figs. 381, 385). These 
are irregular structures, more or less com- 
pletely delimited from the acini by a thin. 


reticular membrane and provided with a 
very extensive blood supply. Indeed, their 
great vascularity early suggested the pos- 
sibility of their being endocrine organs. 
In some places the cells of the islands 
seem to be in direct continuity with either 
acinar cells or with undifferentiated duc- 
tule epithelium. 



Fig. 383 Section of a pancreatic acinus of a 
guinea pig showing mitochondrial filaments em- 
bedded in the homogeneous basal substance. Se- 
cretion granules are rounded end in distal parts 
of the cytoplasm. Acid fuchsin methyl green 
stain. 1000 X. Alter Bensley. 

By staining the entire gland through 
tke arterial injection oi neutral red or 
Janus green, which stains the islands dif- 
fereniially trig. 386), it has been demon- 
strated that the number of islands of Lan- 
gerhans in the human pancreas may vary 
from 208,369 to 1,760,000 in the adult 
organism. The number in the tail is 
slightly higher than in the body or head. 

As seen in the usual preparations 
stained by hematoxylin and eosin, the 
islands of Langerhans seem to be com- 
posed of almost syncytium-like cords of 
irregularly prismatic cells which are dis- 
tinctly paler than the surrounding acinar 
cells {Fig. 385). With such a technic, no 
secretion granules are to be seen in the 
cells of the islets. By special methods, 
however, it can be shmvn that several 
typra of granular cells are present ivhich 
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Fig. 384. Sections iSirougli tlirce pancreatic acini o( mice showing changes in the zymogen granules 
and Coig] apparatus: At During starvation; B, normal pancreas; C, lliree hours after the injection 
of pilocarpine. Method of Kolatschew*. 930 X. Redrawn after Nossonow. ' 



Fig. 385. Section of a human pancreas, lowing contrast between the islet of Langerhans ami ti'e 
siircaan<hns aematts tissue. 470 X- 



PANCREJ^ 


445 



Fig. 386, PliotomictograpU o( a portion o( the pancreas of a guinea pig, in which the islands of 
Langerhans have been stained difTerentially by the injection of neutral ted into the vessels. iVoCe 
the variations In she of the islands. 33 X* After Hensley. 



Fig. 337. Section of an island of Langerhans of pancreas of a guinea pig fixed in 70 per cent 
alcohol stained with neutral gentian, showing alpha cells {A) filled with granules. Beta cells (Z?) 
unstained. 600 X- After Lane. 
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slain quite different^ from those of the granules n-hich are large and slain a bril. 

acini and accordingly must have a dif. liant red; the B cells have smaller broivn- 

ferent constitution. One of these is found otange granules; while a third type of 

in a small number of cells, called alpha or cell, called D, is filled with small blue 

A cells (Fig. 387, A) ; these granules are stained granules (Fig. 388, /?}. Whether 

insoluble in alcohol. Other cells, the beta the D cells are a separate type of cell or 

or B cells, constitute the bulk of the island whether they are a stage in the develop- 



Fig. 388. Section of a human pancreas. The ccBiral part of the figure is an islet of Langcriians 
with granular cells of types A, B, and D; Pac, pancreatic acint; R«t, reticular fibers. ItIallor>-aMn 
slain. 960 X. -ifJer JJioom 


(Fig. 387, B). The granules in these cells meat of the B ov A cells remains to he 
are soluble in alcoboJ. In the guinea pig determined, in the dog. Hunt found tlie 
some of the cells in the islands do not eon* A, D, and D cells to constitute 20, 75, and 
tain granules; these are called C cells. 5 per cent of the cells, respectively. 

In sections of the mammalian pancreas Several cases of a rare disease in man 
freshly fixed in Zcnker-formol and stained have been found to be associated with 
with the Mallory-azan or Masson method, small tumors of the pancreas. Most of the 
three types of granular cells are found in cells composing some of these tumors are 
the islands (Fig' 388). The A cells have considered to be atypical B cells because 
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of the staining reactions of their gran- 
ules. Curiously, these tumor cells often 
contain chromophil substance like that in 
the acinar cells. 

The mitochondria of the islands resem- 
ble those of the duct cells; that is, they 
are usually small rods or delicate fila- 
ments, and thus contrast sharply with the 
heavier, granular or filamentous mito- 
chondria of the acinar cells. The acini 
contain chromophil substance and zymo- 
gen granules; the islets do not contain 


lobularly and in direct continuity with the acini 
or tile ducts, or both. (4) A few Mets may he 
present in either the interstitial tissue or intra- 
lobularly, hut are not connected with either the 
acini or tiie ducts. 

Ducts. The pancreas usually communi- 
cates with the duodenum by a large and a 
small duct. The large, or main duct (of 
Wirsung) begins in the tail and runs 
through the substance’ of the gland, re- 
ceiving throughout its course numerous 
accessory branches so that it gradually in- 



Fig. 339. Section throui;h a small tuhule near its origin from the pancreatic duct of a guinea pig 
showing origin of island cells from undifferentiated epithelium, u; i, island cells with granules; 
c, capillaries; g, goblet cells. 533 X- Redrawn after Bensley. 


either of these but do have their several 
kinds of specific granules. The Golgi net 
in the islets is much smaller than in the 
acini. 

The islands may be distributed in the following 
positions: (1) They may occur in the inter- 
stitial tissue, particularly along the main duct 
and its primary branches with which they are 
connected either directly by short ducts or by 
the system of undifferentiated tubules described 
below. Such islets are not connected with the 
acinar tissue. (2) Some islets occur intralolm- 
larly but are not connected syjth the acini and 
ore connected with the intralobular system of 
ducts. (3) Most of the islets are located intra- 


creases in size as it nears the duodenum. 
In the head of the organ, it runs parallel 
with the ductus choledochus with which 
it may have a common opening or it may 
open independently in the ampulla of 
Valer. The opening and closing of these 
ducts is controlled by the sphincter of 
Oddi (p. 437). The accessory duct (of 
Santorini) is about 6 cm. long. It is prac- 
tically always present and lies cranial to 
the duct of Wirsung. 

Tlie ducts represent two separate pri- 
mordia. Tliey are lined by a columnar 
epithelium in which goblet cells (Fig. 
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389) and occasional argentaHine cells are 
interspersed. At limes small mucous 
glands bulge sUgbtly from tlie ductal ep- 
ithelium. The primary ducts ore sur- 
rounded by a layer of dense, collagenous 
connective tissue uhicb contains a few 
scattered elastic fibers. The intralobular 
ducts are of low columnar epithelium and 
rest on a reticular basement membrane. 
The terminals of ‘the intralobular ducts 
continue into the acini as tlic cen/ro- 
acinoiis cells (Fig. 382). In sections 


small mucous glands and only occa- 
sionally u’ith the acini. These structures, 
although studied most extensively in the 
guinea pig, are also said to be present in 
man. The epithelium of these tubules is of 
a low irregularly cuboidal type. They con- 
tain occasional mitoses. The cytoplasm is 
homogeneous in most cases. Occasional 
goblet cells and a few cells with true 
mucous granules may be found u-ithin 
them. 

Some of the projections in these tu- 



Fjg. 390. Duct trom the pancreas of a guinea pig showing multiple connections •with two islands. 
70 X- Redrawn after Bensley. 


stained with the Mallory-azan technic, the 
pale orange stained ceniro-acinous cells 
are in sharp contrast to the purple stained 
acinar cells ■isdlh their bright red zymogen 
granules (Fig. 388). 

In addition to these duets, the pancreas 

contains a system of anastomosing small 
tubules which arise from the large ducts 
and run in the connective tissue sur- 
rounding them. These tubes have a diam- 
eter of 32 to 27 f-t; they are connected wth 
both the islets of Langerhans and with the 


bules consist of island cells, singly or in 
groups, but the most striking feature of 
these tubules is their connection by one or 
more short stalks (Fig. 390), with large 
islands of Langerhans. These ductules 
are composed of undifferentiated epi* 
thelium and it is from them that new 
islands, and probably also new acini, arise 
from time to time, particularly after in- 
jury to the pancreas. They do not carry 
any secretion. 

BfotMl Vessels, Lyrophallcs, and Nerves. 
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The arterial supply of the pancreas is from 
branches of the celiac and superior mesenteric 
arteries. From the celiac it recedes branches 
through the pancreaticoduodenal and the splenic 
arteries; it also receives small branches from the 
hepatic artery. The inferior pancreaticoduodenal 
artery is a branch of the superior mesenteric. The 
vessels run in. the interlobular connective tissue 
and give off fine branches which enter the lobules 
Veins accompany the arteries throughout and lead 
the blood either directly into the portal vein or 
indirectly through the splenic vein. 

The exact lymphatic supply of the gland has 
not been worked out in detail. The lymphatic 
drainage is mainly into the celiac nodes about 
the celiac artery. 

The nerve supply is mainly of unmyelinated 
fibers arising from the celiac plexus. These fibers 
accompany the arteries into the gland and end 
about the acini with fine terminals. There are 
many sympathetic ganglion cells in the inter* 
lobular connective tissue. The organ also receives 
myelinated fibers front the vagus nerves; It has 
been suggested that these are of secretory nature. 

IlUtogcnesis. The pancreas arises from two 
diverticula of the duodenum close to the hepatic 
diverticulum. The two primordia of the pan. 
cteas are known as the vencraf and dorsal pan* 
creases: these fuse, and the duct of tlie ventral 
pancreas becomes part of the main pancreatic 
duct. The great mass of the organ is formed by 
the dorsal pancreas which gives rise to the body 
and tail and part of the bead. The duct of this 
primordium becomes the future accessory duct. 
Most of the main pancreatic duct of the adult 
is formed from the remainder of the duct of the 
dorsal primordium which fuses with the duct 
of tile ventral primordium. 

At first the primordium consists of a network 
of anastomosing tubules lined by a single layer 
of cells. These differentiate into acini, in which 
the characteristic secretion granules appear, and 
also into islands. It is said that specific granules 
are to be found in human embryos 31 cm, long. 
Although the question has not been finally set- 
tled, it is quite probable that the acini do not 
develop into islands, hut that the latter come 
directly from the embryonic tubules of the duct. 

Regeneration. If the great mass of the pan- 
creas is removed experimentally the organ re- 
generates but slightly. If a portion of the tissue 
be injured by a wound, mitotic figures appear 
in the ductal epithelium and many new islands 
are formed, hut few, if any, new acini develop 
as a result of the injury. If the main pancreatic 
ducts he ligated, there is at first a rapid dis- 
integration of the pancreatic acini followed by a 


much slower disintegration of the original islands, 
but at the same time ducts begin to proliferate 
and give rise to many new islands and to some 
new acini. This process extends over a period 
of months and even years. One week after the 
ligation, in the guinea pig and rabbit, most of 
the acini have ’regenerated; after one month, 
there is considerable regeneration of new islands 
and some acini from the ducts; then, most of the 
acim degenerate (year and a half). After nearly 
three years, it is said that only the main duct is 
present as a blindly ending structure, that there 
are no acini left, and that there are quite a few 
new islands which liave arisen by sprouting from 
the ducts. It seems fairly well assured that the 
pancreas, even in the adult, is provided with 
undifferentiated cells which can give rise to new 
acini and, to a great extent, to new islands. 

Histophysiologtc Kcmarlcs. Inter- 
nal Secretion. In view of the extreme 
vascularity of the islets of Langerhans, it 
was suggested many years ago that these 
structures might have an endocrine func- 
tion. U was known, moreover, that extir- 
pation of the pancreas in animals results 
in severe diabetes, that is, a disturbance 
in the carbohydrate metabolism of such a 
nature that the concentration of glucose 
in the blood rises and the excess is ex- 
creted in the urine. Such a condition re- 
sults shortly in the death of Ihe animal, 
but is prevented, at least in part, if the 
pituitary gland, as well as the pancreas, is 
removed. 

If the pancreatic ducts are ligated the 
animals do not develop diabetes, although 
the acinar tissue degenerates, and the 
islands persist and may even increase in 
number. One of the great achievements in 
modern therapeutics, the insulin treat- 
ment of diabetes, rests upon the demon- 
stration that extracts of pancreas tissue, 
in which degeneration of the acinar tissue 
had been induced by ligation of the ducts, 
relieved the symptoms of diabetes. Insulin 
was subsequently obtained from the whole 
or intact pancreas by preventing the de- 
structive effect of the acinar secretion 
upon the internal secretion of the islets of 
Langerhans. Crystalline insulin is a sim- 
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389) and occasional argentafRne cells arc small mucous glands and only occa* 
interspersed. At times small mucous slonaily with the acini. These structures, 
glands bulge slightly from the ductal ep- although studied most extensively in the 
ithelium. The primary ducts are sur- guinea pig, are also said to be present in 
rounded by a layer of dense, collagenous man. The epithelium of these tubules is of 
connective tissue which contains a few a low irregularly cuboidal tj'pe. They con- 
scaltered elastic fibers. Tlie intralobular tain occasional mitoses. Uie cj’toplasm k 
ducts are of low columnar epithelium and homogeneous in most cases. Occasional 
rest on a retkular basement membrane, goblet cells and a feir cells with true 
Tlie terminals of the intralobular ducts mucous granules may be found within 
continue into the acini as the ceniro- them. 

acitiom celh (Fig, 382). In sections Some of the projections in these tu* 



Fig. 390. Duel from ttie pancreas of a guinea pig showing multiple connections ivilh t**’o islands. 
70 X* Iledrawn after Beasley. 

stained with the MaJIory-azan technic, the bules consist of island cells, stngiy or in 

pale orange stained centro-acinous cells groups, but the most striking feature of 

are in sharp contrast to the purple stained these tubules is their connection by one or 
acinar cells with their bright red zymogen more short stalks (Fig. 390), with large 
granules (Fig. 388). islands of bangerhans. These ductules 

In addition to these ducts, the pancreas are composed of undifferentiated ept- 

contains a system of anastomosing small tlieitum and it is from them that new 

tubules whiti arise from the large ducts islands, and probably also new acini, arise 

and run in the connective tissue sur- from time to lime, particularly after in- 
rounding them. These tubes have a diani' jury to the pancreas. TJiey do not carry 
eter of 12 to 27 p; they are connected with any secretion. 

both the islets of Langerhans and with the Blood Vessels, Lymphotfes, and IVertes. 
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The aitetial supply of the pancreas is from 
branches of the celiac and superior mesenteric 
arteries. From the celiac it receives branches 
through the pancreaticoduodenal and the splenic 
arteries; it also receives small branches from ibe 
hepatic artery. The inferior pancreaticoduodenal 
artery is a branch of the superior mesenteric. The 
vessels run in the interlobular connective tissue 
and give off fine brandies vyliicb enter tlie lobules. 
Veins accompany the arteries throughout and lead 
the blood either directly into the portal vein or 
indirectly through the splenic vein. 

The exact lymphatic supply of the gland has 
not been worlced out in detail. The lymphatic 
drainage is mainly into the celiac nodes about 
the celiac artery. 

The nerve supply is mainly of unmyelinated 
fibers arising from the celiac plexus. These fibers 
accompany the arteries into the gland and end 
about the acini with fine terminals. Tliere are 
many sympathetic ganglion cells in the inter- 
lobular connective tissue. Tlie organ also receives 
myelinated fibers from the vagus nerves; ft has 
been suggested that these are of secretory nature. 

nisio^enesls. The pancreas arises from two 
diverticula of the duodenum close to the hepatic 
diverticulum. The two primordia of the pan. 
creas are known as the tentroi and dorsal pan- 
creases; these fuse, and the duct of tlie ventral 
pancreas becomes part of the main pancreatic 
duct. The great mass of the organ is formed by 
the dorsal pancreas which gives rise to the body 
and tail and part of the head. The duct of this 
prirnotdium becomes the future accessory duct. 
Most of the main pancreatic duct of the adult 
is formed from the remainder of the duct of the 
dorsal pnmordium which fuses with the duct 
of the ventral primordium. 

At first the primordium consists of a network 
of anastomosing tubules lined by a single layer 
of cells. These differentiate into acini, in which 
the characteristic secretion granules appear, and 
also into islands. It is said that specific granules 
are to be found in human embryos 31 cm. long. 
Although the question has not been finally set- 
tled, it is quite probable that the acini do not 
develop into Islands, but that the latter come 
directly from the embryonic tubules of the duct. 

Regeneration. If the great mass of the pan- 
creas is removed experimentally the organ re- 
generates but slightly. If a portion of the tissue 
be injured by a wound, mitotic figures appear 
in the ductal epithelium and many new islands 
we formed, but few, if any, new acini develop 
as a result of the injury. If the mam pancreatic 
duels be ligated, there is at first a rapid dis- 
integration of the pancreatic acini followed by a 


much slower disintegration of the original islands, 
but at the same time ducts begin to proliferate 
and give rise to many new islands and to some 
new acinL This process extends over a period 
of months and even years One week after the 
ligation, in the guinea pig and rabbit, most of 
the acini have'^r^^nerated; after one month, 
there is considerable regeneration of new islands 
and some acini from the ducts; then, most of the 
acini degenerate (year and a half) . After nearly 
three years, it is said that only the main duct is 
present as a blindly ending structure, that there 
are no acini left, and that there are quite a few 
new islands which have arisen by sprouting from 
tlie ducts. It seems fairly well assured that the 
pancreas, even in the adult, is provided with 
undifferentiated cells winch can give rise to new 
acini and, to a great extent, to new islands. 

Ilistophysiologtc Remarks. Inter- 
nal Seeretioit. In view of the extreme 
vascularity of the islets of Langerhans, it 
was suggested many years ago that these 
structures might have an endocrine func- 
tion. It was known, moreover, that extir- 
pation of the pancreas in animals results 
in severe diabetes, that is, a disturbance 
in the carbohydrate metabolism of such a 
nature that the concentration of glucose 
in the blood rises and the excess is ex- 
creted in the urine. Such a condition re- 
suits shortly in the death of \he animal, 
but is prevented, at least in part, it the 
pituitary gland, as well as the pancreas, k 
removed. 

If the pancreatic ducts are ligated the 
animals do not develop diabetes, although 
the acinar tissue degenerates, and the 
islands persist and may even increase in 
number. One of the great achievements in 
modern therapeutics, the insulin treat- 
ment of diabetes, rests upon the demon- 
stration that extracts of pancreas tissue, 
in which degeneration of the acinar tissue 
had been induced by ligation of the ducts, 
relieved the symptoms of diabetes. Insulin 
was subsequently obtained from the whole 
or intact pancreas by preventing the de- 
structive effect of the acinar secretion 
upon the internal secretion of the islets of 
Langerhans. Crystalline insulin is a sim* 
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pie protein with a high labile sulfur con- 
tent and a molecular weight of about 
35,000. All crystalline insulin so far ob- 
tained has contained zinc, and this metal 
is sometimes added to preparations of in- 
sulin to enhance their activity. A com- 
bination of insulin with prolamines is 
used to extend the activity of the prepara- 
tion over longer periods of time. There 
are many indications that the B cells are 
concerned with the production of insulin, 
although the proof of tliis is not certain. 

Wlien glucose is administered continu- 
ously intravenously in guinea pigs the 


drome may include cases of pituitary 
diabetes and even of thyroid or adrenal 
cortical diabetes, since all of these endo- 
crine glands are also concerned with the 
regulation of carbohydrate metabolism, 
transport or storage. Diabetes results 
when there is either an absolute or a rela- 
tive lack of insulin, consequently this con- 
dition may he associated with the finding 
of normal amounts of insulin in the or- 
ganism. Dunn, Sheehan and McLetchie 
found that animals injected Avith alloxan 
devcloj) a severe hyperglycemia and die; 
this is due to degeneration of the B cells. 


Fig. 391. Fhotomlcrograph of vascular injection of pancreas of guinea pig showing blood supply to 
an islet of Langerhans. From a preparation of R. R. Bensley. 95 X. 



B cells at first lose their granules and later 
become more numerous, through mitosis 
and through transformation of acinar 
cells, and loaded witli granules. If the m- 
jection of glucose is continued for several 
days, many of the B cells lose their gran- 
ules and become vacuolated (exhaustion). 
Cells like these also occur after removal 
of large parts of the pancreas. 

The exact mode of action of insulin is 
still not known, but it is an important 
factor in the endocrine balance which de- 
termines the level of the blood sugar. It is 
possible, in view of the fact that patho- 
logical changes in the pancreas are not 
found regularly in diabetes, that this ayn- 


Tlic diabetogenic action of alloxan can be 
prevented by a prophylactic injection of 
1, 2 di-mercapto-propanol. 

Accompanying the tumors of the pan- 
creas composed of atypical B cells, there 
is a great decrease in the concentration of 
sugar in the blood. The symptoms of hy- 
poglycemia in these cases may be relieved 
temporarily by administration of glucose, 
and several have been cured by removal 
of the tumors. 

A lipotropic substance has been ex- 
tracted from the pancreas and given the 
name lipocaic. Its relation to the other 
lipotropic substances is not clear (see 
Best, 2941). 
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External Secretion, The external se- 
cretion of the p'ancreas follows a rhyth- 
mical cycle, -which seems to be dependent 
on the fact that in certain^tages of diges- 
tion the acid content of the stomach on 
reaching the duodenum produces there a 
substance called secretin. This substance, 
carried to the pancreatic cells by llie 
blood, induces them to secrete; then the 
alkaline secretion in the duodenum neu- 
tralizes the acid material from the stom- 
ach and inhibits the formation of secretin 
until new acid is brought from the stom- 
ach. The nature of secretin and how it acts 
upon the pancreatic cells are not known. 


precursors, they cannot injure the pan- 
creas. In certain pathologic conditions, 
however, these pro-enzymes may be con- 
verted into the active enzymes which de- 
stroy the pancreatic tissue itself. 
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Fig. 392. Left: Crystals of trypsinogen photographed by transmitted light. 220 X. Right: Crystals 
of trypsin photographed with dark-field illumination 220 X. After Kunilz and Northrop. Courtesy 
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The zymogen granules in the pancreatic 
acini decrease in number after the injec- 
tion of pilocarpine or stimulation of the 
vagus nerve, and during digestion. It is 
claimed, however, that in norma) secre- 
tion there is not an extensive diminution 
of zymogen granules; accordingly, the 
formation of pancreatic juice, rich in fer- 
ment, does not remove all of the granules. 
The pancreatic juice contains several 
types of pro-enzymes. One of these when 
activated becomes trypsin, a proteolytic 
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splitting enzyme, a third, lipase, a fat- 
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Chapter XXII 


THE RESPIRATORY SYSTEM 


The respiratory system serves mainly for 
the intake of oxygen by the body and the 
elimination of carbon dioxide. U may be 
divided into conducting and respiratory 
portions. The former of these comprises 
a series of tubelike, air-conducting struc- 
tures which connect the external air with 
that portion of the lungs in ^vhich the ex- 
change of gases between the blood and the 
air takes place. These tubes consist of the 
hollow passages of the nose, the pharynx, 
the larynx, the trachea, and bronchi of 
various sizes. The ends of the smallest 
branches of the air-conducting passages 
are capped by the respiratory portion of 
the lungs; this consists of many small air 
vesicles, called alveolar sacs and alveoli. 
The pharynx also connects the mouth with 
the esophagus; the larynx contains the 
vocal organ. 

THE NOSE 

The nose is a hollow organ composed of 
bone, cartilage, muscles, and connective 
tissue. Externally it is covered with akin 
much like that over the rest of the body 
and is provided with unusually large se- 
baceous glands and a few small hairs. The 
integument continues into the vestibule 
through the anterior nares. The epi- 
thelium here is of the stratified squamous 
variety and there are some fairly long 
hairs which are believed to help in remov- 
ing particles of dust from the inspired 
air. The remainder of the nasal cavity is 
lined with ciliated epithelium and with a 
specialized, nonclliated epithelium in the 
olfactory area. 


The ciliated epithelium of the nose is 
quite similar to that found in the larynx 
and trachea. It is a pseudostratified, cili- 
ated, columnar epithelium in which gob- 
let cells are richly interspersed. A base- 
ment membrane separates the epithelium 
from the underlying connective tissue 
layer with its mixed mucous glands. These 
glands secrete a mucus ^vhich keeps the 
wads of the nasal cavity moist. In the 
lower nasal conchae are rich venous 
plexuses which warm the air passing 
through the nose. These plexuses have 
been mistaken for erectile tissue, from 
which they differ, however, by the ab- 
sence of septa containing smooth muscle. 

The receptors for the olfactory sense 
are located in the olfactory epithelium. In 
fresh condition this area has a yellowish 
color, different from the pink color of the 
surrounding mucous membrane. The ol- 
factory area extends from the middle of 
the roof of the nasal cavity some 8 to 10 
mm. dow'nward on both sides of the 
septum and on the surface of the upper 
nasal conchae. The total surface of these 
areas of both sides is estimated at about 
500 sq. mm. The outlines of the olfactory 
area are very irregular. 

The olfactory epithelium is pseudo- 
stratified columnar and about 60 ft thick. 
Unlike the ciliated epithelium it has 
no distinct basement membrane. It con- 
sists of three kinds of cells: (1) susten- 
tacular or supporting cells, (2) basal cells 
and (3) olfactory’ cells. 

The supporting cells are tall, slender 
elements with an axial bundle of tono- 
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fibrils. Al tbe free surface they form very 
small cuticular plates which are kept to- 
gether by a system of thin terminal bars. 
Small, round openings for the sensory 
cells remain betueen the borders of the 
cuticles. Under the cuticle each cell con- 
tains a diplosome, from \vhich a tiny 
flagellum seems to emerge. Tlie upper part 
of the cell contains a small Golgi net and 


Tlie olfactory cells are evenly distrib- 
uted between the sustentacular cells. They 
arc bipolar ner\'e cells of fusiform shape. 
Their round nuclei occupy a zone in the 
epithelium between the nuclei of the sup- 
porting cells and the connective tissue. 
The peripheral part of the cell body, a 
niodifled dendrite, is thick and extends as 
a straight, cylindrical process from the 


I ;■ ■■ ■ 

I.. . . ..-r_ i. , ... . . 

Fig 393. Respiratory mucosa of the osseous portion of the nose of a twenty-two-year-old man* 
Opening of duct; tp, lamina propria, with gtands igl) and blood vessels which acts bs a 
periosteum (tpi) for the Lone (hn), 45 X. After Sobotta. 


pigment granules which cause the brotvn 
color of the olfactory area. Tlie oval nu- 
clei alternate in height in neighboring 
cells and thus two or three rows of nuclei 
are seen in a cross section. 

Between the bases of the supporting 
cells, the basal cells form a single layer 
of small conical elements with dark nuclei 
and branching processes. It is uncertain 
whether they are reserve elements for the 
supporting cells. 


nucleus to the surface. The proximal end 
rapidly tapers down into a thin, smooth 
filament about 1 p thick. It is an axon- 
a fiber of the olfactory nerve. It passes 
into the subjacent connective tissue and 
here, together with similar fibers, forms 
small nerve bundles. These are collected 
into about 20 macroscopically visible fila 
olfactoria. 

The cytoplasm of the olfactory cell 
contains a net^vork of neurofibrils which 
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are especially distinct around the nucleus; 
above the latter is a Golgi net. The head 
of the olfactory cell protrudes freely 
through the opening of the cuticular mem- 
brane. It enlarges slightly to the so-called 
olfactory vesicle which contains at its sur- 
face 6 to 8 tiny granules similar to the 
basal bodies of the ciliated cells; each 


olfactory epilheliuin and end vith fine arboriza- 
tions under its free surface between the susten- 
tacular cells. The'^e endings are receptors for 
stimuli other than odors. 

The lamina propria of the olfactory mucous 
memhiane is fused with the periosteum. It is 
penetrated hy the bundles of the olfactory nerve 
fibers. Among its cells are numerous pigment 
cells, and some IjTnphoid celis which migrate 
into the epithelium. 



Fig. 394. Cross section of the olfactory mucous membrane on the medial surface of the middle 
concha, from a man: A, Artery; B, glands ol Bowman; E, olfactory epithelium; M, opening of a gland 
on the surface; O, bundle of olfactory fibers; V, veins. 70 X- After Schaffer. 


granule sends out a fine olfactory cilium 
2 fi long. 

The fibers of the olfactory nerve are non- 
myelinated, but are provided with a sheath of 
Schwann. They are kept together by a delicate 
connective tissue rich in macrophages. The fila 
olfactoria pass through the openings of the cribri- 
form plate of the ethmoid hone and enter the 
substance of the olfactory bulb of the brain 
where the primary olfactory center is located. 

Besides the olfactory nerve fillers, the olfactory 
mucous membrane is provided with myelinated 
nerve fibers originating from the trigeminal nerve. 
After Eiaving lost their myelin they penetrate the 


Beneath the epithelium the lamina propria 
contains a rich plexus of blood capillaries In its 
deeper layers it contains a plexus of large veins 
and dense networks of lymph capillaries The 
latter continue into large lymphatics which course 
toward the lymph nodes on the «ides of the head. 
A colored mass injected into the subarachnoid 
spaces of the brain can penetrate into the lymph 
eapillaries of the olfactory region as well as into 
the sheaths of the fila olfactoria. This indicates 
some possible pathway for infections to spread 
from the nasal mucous memlirane to the meninges. 

The lamina propria in the olfactory 
area contains the olfactory glarids of Bow- 
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man (Fig. 394, fi), which are different 
from the mixed glands of the respiratory 
portion of the nose. They are of the 
branched, tubulo-alveolar type. The secre- 
tory portions are mainly parallel to the 
surface, ivhiJe the narrow excretory duct 
assumes a perpendicular course and opens 
on the surface. Immediately under the ep- 
ithelium the duct is often considerably 
enlarged. The cuboidal or low pyramidal 
glandular cells of the secretory portions 
have a structure similar to serous cells; 


even if present in extreme dilution, may 
become concentrated in these structures. 
The continuous stream of the secretion of 
the olfactory glands, by removing the re- 
mains of the stimulating substances, keeps 
the receptors ready for new stimuli, fn 
this respect the olfactory glands doubtless 
have a function similar to that of the 
glands connected with the taste buds. 

The olfactory epitlielium in man is easily af- 
fected by inflamcnatlon of the mucous membrane 
of the nose and is often more or less altered 



Fig. 395. Diagram of the olfactory mucous membrane of man: B, Gland of Bowman, with diplo- 
somes in its cells, and Avith its excretory duct, Dd; Ba, Ia>cr of basal cells; C, capillary; D$ large 
binucleated olfactory cell; g, olfactory glomerulus; gr, connective tissue cells; N, Golgi net in the 
sustentacular and in the olfactory cells; R, olfactory cells wUh neurolibrils and the olfactory vesicles, 
F; Ri, olfactory fibers; St, sustentacular cells with lonofibrils; T, myelinated fibers of the N. Trigem- 
inus, After Kolmer. 


they contain secretory granules. The cystic 
enlargements of the ducts are lined tvith 
large flattened cells which continue into 
the short excretory duct. 

Histopliysiologic Remarks. The ol- 
factory stimuli are probably of chemical 
nature. The secretion of the glands of 
Rorvman keeps the surface of the olfac- 
tory epithelium moist and furnishes the 
necessary solvent. As most odorifCTous 
substances are much more soluble in 
lipoids than in water, and as the olfactory 
cells and their cilia contain a considerable 
amount of lipoids, odoriferous substances. 


and replaced by atypical epithelium. 

Ilistogeiietic Itemarks. The olfactory region 
appears in the embryo a little later than the 
primordia of the eye and ear. It is found in 
embryos of 4.9 mm. as a paired, thickened, ecto- 
dermal area at the anterior edge of the medul- 
lary plate. Its structure at this time is similar to 
that of the medullary epithelium. The plate is 
later gradually invaginated and recedes from 
the surface. Some of the epithelial cells are 
transformed into olfactory elements, which send 
out axons growing toward the anterior part of 
tile brain vesicle. 

Nasal Sinuses. Connected with the 
nasal cavity, and forming cavities in the 
respective bones, are the frontal, clh- 
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moidal, sphenoidal, and maxillary sinuses 
— the accessory sinuses of the nose. They 
are lined ^^ith an epithelium similar to 
that of the nasal cavity, but containing 
fewer and smaller glands. The mucosa of 
all of the sinuses is very delicate and can- 
not be differentiated as a separate layer 
from the periosteum of the bones, to 
which it is usually tightly adherent. 

Leukocjtes and lymphocytes migrating 
through the epithelium, and collections 
of lymphatic tissue beneath it, are char- 
acteristic of the respiratory epithelium of 
the nose, especially near the nasopharynx. 

After leaving the nasal cavity, the in- 
spired air passes by way of the nasophar- 
ynx and pharynx to the larynx. The nasal 
part of the pharynx is lined by ciliated 
columnar epithelium. In its oral part, 
however, it is lined by stratified squamous 
epithelium which is continuous with that 
of the mouth above and the esophagus 
below. The structure of the pharynx is 
described on p. 371. 

The connections of the lacrimal (land and llie 
eustachian tube with the nasal cavity are dis- 
cussed in the sections devoted to die eye and 
ear, respectively. 

THE LARYIVX 

The larynx is an elongated, irregularly 
tubelike structure, whose walls contain 
hyaline and elastic cartilages, connective 
tissue, striated muscles, and a mucous 
membrane with glands. It serves to con- 
nect the pharynx with the trachea. As a 
result of changes in its shape resulting 
from the contraction of its muscles, it 
produces variations in the opening be- 
tween the vocal cords. The size of this 
opening conditions the pitch of the sounds 
made by the passage of air through the 
larynx. 

The main framew'ork of the larynx is 
made of several cartilages. Of these the 
thyroid and cricoid cartilages and the epi- 
glottis are unpaired while the arytenoid, 
corniculate, and cuneiform are paired. 


The thyroid and cricoid and the low'er 
parts of the arytenoids are hyaline car- 
tilages. The extrinsic muscles of the 
lai^mx connect it with surrounding mus- 
cles and ligaments and facilitate degluti- 
tion. The intrinsic muscles connect the 
cartilages of the larynx; by their contrac- 
tion they give different shapes to the 
laryngeal cavity and thus are active in 
phonation. 



Fig. 396. Cross section through the middle o! 
the epiglottis of a t«venty-tvvo-)ear-o]d man: vE, 
Stratified snuamous epithelium of the lingual 
and, hB, of the tracheal surfaces; K, elastic car- 
tilage with its perichondrium, p; s, mucosa of the 
lingual surface with papillae; s\ papilla free 
mucosa of the laryngeal surface; sa, mucous 
glands; pa, serous glands; dr, mixed glands, 
27 X. Afier v. Ebner, from Schaffer. 

The anterior surface of the epiglottis 
and the upper half of its posterior sur- 
face, the aryepiglottic folds, and the vocal 
cords are covered with stratified squa- 
mous epithelium. In the adult, the ciliated 
epithelium usually begins at the base of 
the epiglottis and extends down the lar- 
)Tix, trachea, and bronchi. 

The cilia are 3.5 to 5 fi long and beat 
toward the mouth; thus they move foreign 
particles, bacteria, and mucus from the 
lungs toward the exterior of the body. 
After death the cilia have been seen to 
beat for fifty to seventy hours; in tissue 
cultures of rabbit lung they may beat for 
twelve days or more, 

A centriole has not been demonstrated 
in the ciliated epithelium of the respira- 
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man (Fig. 394, fi), which are different 
from the mixed ghnda of the respiratory 
portion of the nose. They are of the 
branched, tubulo-alveolar type. The secre- 
tory portions are mainly parallel to the 
surface, xvhile the narrow excretory duel 
assumes a perpendicuiar course and opens 
on the surface. Immediately under the ep- 
ithelium the duct is often consideraWy 
enlarged. The cuhoidal or low pyramidal 
glandular cells of the secretory portions 
have a structure similar to serous cells; 


even if present in extreme dilution, may 
become concentrated in these structures. 
The continuous stream of the secretion of 
the olfactory glands, by removing the re- 
mains of the stimulating substances, keeps 
the receptors ready for new stimuli. In 
ihis respect the oUactory glands doubtless 
have a function similar to that of the 
glands connected with the taste buds. 

The olfactory epithelium in man is easily af- 
fected hy inflammation of the mucous membrane 
of the nose and is often more or less altered 



Fig. 393. Diagram of the olfactor)' mucous membrane of man: B, Gland of Bowman, with diplo* 
somes in its ceJJs, and with its excretory duct, Bd; Ba, layer of basal cells; C, capillary; D, large 
binucleated olfactory cell; g, olfactory glomerulus; gr, connective tissue cells; N, Golgi net in the 
sustentacular and in the olfactory cells; R, olfactory cells with neurofibrils and the olfactory vesicles, 
V; Ri, olfactory fibers; St, sustentacular cells with lonofibriU; T, myelinated fibers of the N. Trigem- 
inus. After Kolmer. 


Utey contain secretory granules. The cystic 
enlargements of the ducts are lined with 
large flattened cells which continue into 
the short excretory duct. 

HIstophyelologic Remarks. The ol- 
factory stimuli are probably of chemical 
nature. The secretion of the glands of 
Bowman keeps the surface of the olfac- 
tory epUhehum moist and furnishes the 
necessary solvent. As most odoriferous 
substances are much more soluble in 
lipoids than in wafer, and as the olfactory 
cells and their cilia contain a considerable 
amount of lipoids, odoriferous substances, 


and replaced by atypical epithelium. 

IKslogcnctic Remarks. The olfactory legioa 
appears in the embryo a little later than the 
primordia of the eye and ear. It is found in 
embryos of 4.9 mm. as a paired, thickened, ecto- 
dermal area at the anterior edge of the medul- 
lary plate. Its structure at this time is similar to 
that of the medullary epUhelium. The plate 
later gradually invaginated and recedes from 
the surface. Some of the epithelial cells are 
transformed into olfactory elements, which send 
out axons growing toward the anterior part of 
the brain vesicle. 

Nasal Sinuses. Connected wUh the 
nasal cavity, and forming cavities in the 
respective bones, are the frontal, eth- 
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lion of ihe recurrent laryngeal ner^e ac* 
tivates ssecrelion in these glands. The 
lamina propria also contains accumula* 
(ions of lymphatic tissue. 

The most characteristic part of the tra- 
chea is its framework of 16 to 20 hyaline 
cartilages. These are C or Y-shaped and 
encircle the tube except in its posterior 
part. Because of the spaces between them 
they give the tube much more pliability 
and extensibility than if they formed a 
continuous sheet. The cartilages pass 
obliquely down the trachea. With advanc- 
ing age, they become fibrous, but do not 
ossify as the thyroid cartilage does. They 
are surrounded by dense connective tissue 
which contains many elastic and reticular 
fibers. 

The posterior W’all of the trachea, close 
to the esophagus, is devoid of cartilages. 
Their place is taken by a thick layer of 
smooth muscle bundles which run mainly 
transversely. They are inserted into the 
dense, elastic fiber bundles surrounding 
the trachea and especially its cartilages, 
and ate ]oined to the mucous membrane 
by a layer of loose connective (issue, some 
adipose tissue, and mucous glands (Fig. 
399). 

A delicate network of tymphatics K found in 
the mucofa and a much coarser plexus occurs 
in the submuco'ia. These lead into the lymphatic 
nodes which accompany the trachea along its 
entire length. The arteries for the trachea are 
mainly from the inferior thyroid. Tlie nerves 
supplying the trachea arise from the recurrent 
branch of the vagus nerve and from tiie sym- 
pathetic. The sympathetic nerves of the trachea 
Contain very small ganglia, from which fibers 
lead to the muscle of the organ. Myelinated sen- 
sory nencs are aho found. 

THE LUNGS* 

The lungs constitute a paired organ oc- 
cupying a great part of the thoracic cavity 
and constantly changing in form with the 
different phases of respiration. The right 
lung consists of three lobes and the left 

• This section has been revised by C G. LoosIL 


lung of two, and each lobe receives a 
branch of the primary bronchi. The outer 
surface of the lungs is closely invested by 
a serous membrane called the visceral 
pleura. 

In children the lungs, because of their 
great blood supply, are a pale pink. With 
advancing age they become gray, due to 
the inhalation of carbon particles, par- 
licuharly in city dwellers. 


Basement mcwfcroffc-pj® 
Vein --I 




Uuct 


Artery 

Perichondrium 


Fibro^elasUc layer 
(pass/ng fnto peri- 
chondrium at right) 



Fig. 398. Cross section through part of a human 
tracJiea. 60 X* After Braus. 


Each of the five lobes of the lungs is 
divided by thin connective ti^stie septa 
into great numbers of roughly pyramidal 
portions of pulmonary tissue, the lobules. 
These are so arranged that the apex of 
each points toyvard the lulus and tlie base 
toward the pleura. In the adult lung, these 
gross lobules arc not so easily seen, ex- 
cept under the pleura, as in the embryonic 
lung. Under the pleura, however, the pro- 
gressive deposition of carbon from the 
inspired air marks the outlines of these 
lobules very distinctly. Each lobule is sup- 
plied by a small bronchiole. 

The Bronchial Ttihes. The trachea 
divides into two main branches called 
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lory Iroct. Evidences of regeneration of 
the tracheal epithelium are very rare; 
this may be associated with the absence of 
a cenlrioie. Goblet ceils in varying num- 
bers are scattered between the cylindrical 



Fig. 397. Fronfai section through the middle 
of the glottis of a boy of nine >e3rs: A', Thyroid 
cartilage irith jts pericliandrhim, P, Sill, Isryn- 
geal ventricle; St, vocal cord ; T, false AOcal cord; 
d/, mixed mucous glands ivilJi an e.rcrelory duef, 
a; od, adenoid ti^^ue, ce, ciliated epithelium 
(pale) ; m, vocal muscle; pe, stratified squamous 
epitliclium (dark); a, portion of the vocal cord 
with papillae. 35 X. After von Elmer, from 
Schaffer. 

cells. The gbnds of ihe larynx are of the 
lubulo-acinous, mixed mucous varietj 
(Fig. 397, dr, a). Some of the ducts se- 
crete mucus; the alveoli secrete mucus 
and may have crescents. A few taste buds 
are scattered on the under surface of the 
epiglottis. 


The true vocal cords (Fig. 397, St) en- 
close the vocal or inferior thyro-arytenozd 
ligaments. Each of these (one on each 
side) consists of a hand of elastic tissue 
which is bordered on its lateral side by 
the ihyro-arylcnoid muscle (Fig. 397, m) 
and is covered medially by a thin mucous 
membrane u-ilh a stratified squamous 
epithelium. The space between the vocal 
cords is usually given as 23 mm. long in 
men, and 18 mm. in women. Its shape 
undergoes great variations in the phases 
of respiration and in the production of 
different sounds in talking and singing. 
The liiyro-ar) lenoid muscle is promi- 
nently concerned in phonalion; on con- 
traction it approximates the arytenoid 
and thj roid cartilages, and Ibis relaxes 
llie vocal cords. 

The Jafjnx is supplied by the upper, middle, 
amt lower lar) ngeal arterie*. tvhlch, in turn, anse 
from the superior and inferior thyroid arteries, 
The \cins from ilie larynx empty into the thy- 
roid veins. The larynx contains several rich 
plexuses of Jymphatics vvhich lead into the upper 
cervical lymph nodes and to those about the 
trachea. The superior laryngeal nerve sends sen. 
sory nerves, and the inferior laryngeal, motor 
nerves to the larynx. 

THACHEA 

The trachea is a thin-walled, fairly 
rigid tube about 11 cm. long and 2 to 2.5 
cm, in diameter. It is continuous with th® 
larynx above and ends by dividing into 
the ttvo main bronchi below. 

The epithelium of the trachea is of the 
ciliated pseudostratified columnar type 
(Fig, 27), and rests on a distinct base- 
meiil membrane. Numerous goblet cells 
are scattered throughout the epithelium. 
Tlie lamina propria contains many elastic 
fibers and numerous small glands like 
those of the larymx. These glands, most of 
vv'hich are external to the elastic fibers, 
open by short ducts on the free surface 
of the epithelium. In the posterior portion 
of the trachea, the glands extend through 
the muscular layer (see below). Stimola- 
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are replaced by irregularly shaped car- 
tilage plates ^vhich completely surround 
the bronclius. As a result, the intrapul- 
monary bronchi and their branches are 
cylindrical and not flattened on one side 
like the trachea and the extrapulmonary 
portions of the bronchi. At the same time 
as the cartilage plates become irregularly 
distributed around the tube, the muscular 


wandering cells and is delimited from the 
epithelium by a basement membrane. The 
mucosa of the bronchi, in histologic sec- 
tions, shows a marked longitudinal fold- 
ing due to the contraction of the muscle. 
It is claimed that these folds disappear 
when the lung is distended. 

Next to the mucosa is a layer of smooth 
muscles tvhich run in all directions around 



Fig. 400, Cross section through a small liionchus of a man; A, Artery? AL, ahcoli; D, bronchus; 
D, mixed glands, E, ciliated epithelium »ith goblet cells; F, fat tissue; K, cartilage; M, circular 
muscle; A, nerve; P, perichondrium; V, vein. Mallory’s connective tissue stain. 30 X- After Schaffer. 


la>er completely surrounds the bronchus. 
The cartilages disappear when the diam- 
eter ol the bronchiole reaches 1 mm. 

The innermost lajer of the bronchi is a 
mucous membrane which is conlinuou's 
with that of the trachea, and is lined by 
epithelium. The lamina propria consists 
of a small amount of reticular and col- 
lagenous connective tissue and many elas- 
tic fibers; it contains a few lymphoid 


the tube, but never form a closed ring as 
in the blood vessels and intestines (Fig. 
400, M). The muscles form an interlacing 
feltwork whose meshes become larger in 
the smaller bronchioles. Numerous elastic 
fibers are intimately associated with the 
smooth muscle cells. As will be discussed 
below, the elastic fibers and smooth mus- 
cles throughout the lung play an impor- 
tant part in the changes in its structure 
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bronchi. These tubes enter the substance 
of the lungs at the hilus. one on each side 
and, maintaining a downward and out- 
ward direction, divide into two smaller 
bronchi on the left side and three on the 
right. These give rise to smaller bronchi, 
from ivliich bronchioles of several orders 
originate. With the develojimcnt of lung 


50 to 80 terminal bronchioles in each 
lobule. Tliis number is probably some- 
what high. Each terminal bronchiole con- 
tinues into one, two, or more respiratory 
bronchioles. These break up into 2 to 11 
alveolar ducts, from ^vhich arise the olveo' 
tar sac and alveoli. Thus, the main succes- 
sive divisions of the bronchial tree are: 



Fig. 399. Cross section thiougli tlie tracliea ot a boy of nine years; E. Ciliated epithelium; K, 
cartilage; od, lymphoid tissue; dr, glands wuh a duct, ci; m, smooth muscle of the membranous 
portion of the wall; s, mucosa. 8 X- After Kblliher-v. Ebner. 


surgery, knowledge of the segmental dis- 
tribution of the secondary bronchi in the 
lobes has become of importance. Accord- 
ing to Boyden the right lung is made up 
of ten principal bronchopulmonary seg- 
ments tvhile the left lung can be divided 
into eight segments. The basic pallern of 
the secondary bronchi appears, however, 
to be subject to considerable variation. 
It has been estimated that there are from 


primary bronchi, secondary bronchi, 
bronchioles, terminal bronchioles, respir- 
atory bronchioles, alveolar ducts, alveolar 
sacs, and alveoli. An atrium has been de- 
scribed as connecting the alveolar sacs 
and the alveolar ducts (see p. 467). 

Before the bronchi enter the lung their 
structure is practically identical 'vith that 
of the trachea. But as soon as they enter 
the lung, the cartilage rings disappear and 
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tended with air, thick sections should be used; 
indeed, the structure of this organ is often seen 
best m sections of 60 to 120 /*. Hematoxylin 
and eosin staining gives but a poor idea of the 
constitution of the lung; special staining and in- 
jection methods are necessary. Further, the lung 
changes its form continuously with every inspira- 
tion and expiration (Fig. 416), 

Respiratory Bronchioles. In the 
adult the respiratory bronchioles begin 
M'ith a diameter of about 0.5 mm. They 
are relatively short tubes, lined in their 


runs. These alveoli are the first of the 
respiratory structures of the lung and are 
responsible for the term “respiratory 
bronchiole.” These bronchioles soon 
branch and radiate conelike into 2 to 11 
alveolar ducts which extend for relatively 
long distances. They are surrounded by 
alveoli which have arisen from adja- 
cent ducts. 

Alveolar Ducts. The structure of the 
alveolar ducts is hard to visualize in thin 



Visceral 

pleura 


Branch of 
pulmonary 
artery 

Alveolar 

duct 

Respiratory 

bronohlole 


Fig. 402. Photomicrograph of a thick (120 p) section of lung of Macacus rhesus. 10 X. 


first part with a ciliated columnar epi- 
thelium which contains no goblet cells A 
short distance down the bronchiole, the 
ciliated columnar epithelium loses its cilia 
and becomes low cuboidal (Fig. 404, cu). 
These bronchioles have walls composed of 
collagenous connective tissue in which 
bundles of interlacing smooth muscles and 
elastic fibers course. They lack cartilage. 
A few alveoli bud off from the side of the 
respiratory bronchiole opposite that along 
which the branch of the pulmonary artery 


sections of the distended lung. In thick 
sections, particularly when studied with 
the binocular microscope, the alveolar 
ducts are seen as thin-walled tubes. They 
usually follow' a long, tortuous course and 
give off several branches which in turn 
may branch again (Fig. 404, 405 lower). 
They aie closely beset with thin-walled 
outpouchmgs, the alveolar sacs (and sin- 
gle alveoli). These are blind, polyhedral 
sacs which are open only on that surface 
which faces the alveolar duct. As the 
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u’hich occur during respiration. A dense 
netivork of blood vessels accompanies and 
penetrates this myoelastic layer. 

The outermost layer of the bronchial 
u’all consists of dense connective tissue 
ivhich contains many elastic fibers. It sur- 
rounds the plates of cartilage and contin- 
ues into the connective tissue of the sur- 
rounding pulmonary tissue and into that 
accompanying the large vessels. 

Mucous and mucoserous glands are 
found, as in the trachea, as far out in the 
bronchial tree as the cartilage extends 
(Fig. 400, D). The glands are usually 



Fig. 401. Cro$s section through a bronchiole 
(D) 0.7 mm. thick' a, Alteoli; e, epithelium; 
s, lamina propria with tlie cross sections of elas* 
tic fibers; m, cireo/armuscle; v, veins. Luag fixed 
by filling it with alcohol, 55 X. After v. Ebner, 
from Schaffer. 

under the muscular layer, through which 
their ducts penetrate to open on the free 
surface. 

Lymphatic tissue, diffuse and often 
with nodules, occurs regularly in the 
mucosa and in the fibrous tissue around 
the cartilage, especially where the bronchi 
branch. 

With the progressive decrease in the 
size of the bronchi and bronchioles as 
they proceed from the trachea, the layers 
of their walls become thinner and some 


of them fuse into one layer. The smooth 
muscle (Fig. 401, m), however, is distinct 
up to the end of the respiratory bron- 
chioles and even continues in the walls of 
the alveolar ducts. 

RESPIRATOHY STRUCTURES OF THE 
LUNGS 

The unif of the lung is composed of all 
the structures beginning willi a respira- 
tory bronchiole and extending to and in- 
cluding the alveoli with all the blood ves- 
sels, Ij'mphalics, nerves, and connective 
tissue. In the newborn, the pulmonary 
lobule (unit) is small. The respiratory 
bronchiole has not yet developed and the 
alveoli are represented as shallow pouches 
on tlie walls of the alveolar ducts. (Com- 
pare Figures 405, above, and 414, below, 
with the lower part of Figure 405 and 
with 4ai.) 

In a thin section of a lung the respira- 
tory portion of the organ appears as a 
lacework of large spaces separated from 
one another by fhin*walled septa (Fig. 
404). Here and there, this lacework is 
traversed by the thick-walled bronchi and 
various sized arteries and veins. But 
quite a different picture is seen in a thick 
section with the binocular microscope. 
Here the lung appears as an irregular 
honeycomb in ^vh^ch the polyhedral alve- 
oli and alveolar sacs form the “cells” 
{F/gs. 402, 403). These form a honey- 
comb traversed by the sptem of bron- 
chioles and the alveolar ducts into which 
the atria, alveoli, and alveolar sac5 open 
(Figs. 410, 411). 

TJie contradictory' views on the detailed struc- 
ture of the Jung are due in part to several fac- 
tors. Tlie lungs must be fixed, for histologic 
purposes, either by way of the trachea or by injec- 
tion through the pulmonary artery, with the Jungs 
still in the body to prevent overdistention. Tlie 
usual method of dropping a bit of Jung into fixing 
fluid gives highly distorted pictures, for the lung 
shrinJis greatly when the negative pressure of the 
pleura is removed and the air contained in the 
organ prevents the penetration of the fixative. 

As the pulmonary parenchyma is greatly dis- 
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aK'eoIar sacs are closely packed against In thick sections it becomes evident 
one another, their openings form the that the short knobs seen in the thin sec- 
greatest part of the wall of the alveolar tions are merely tangentially cut, small 
duct. The wall of the alveolar duct be- portions of the long connective tissue 
tween the mouths of the alveolar sacs con- fibers and muscle bundles ^vhich inter- 



Fig. 40 {. Section tlirough a respiratory lironctiioJe (RB) and two alveoJar ducts iAD) of a human 
lung showing the smooth muscle, sm (in black), in the wall? of the alveolar ducts; al, ciliated 
epithelium; cu, cuboidal epltheJinm; Art, arteriole; Al, alveolar sacs; V, vein. Redrawn and slightly 
modified from Baflishergcr. 

sists of strands of elastic and collagenous weave in three planes between the mouths 
fibers and smooth muscle cells. In thin of the alveolar sacs, 
sections of the lung, only small portions of Alveolar Sacs and Alveoli, From the 
these fibers and muscles are seen ; they ap- alveolar ducts arise single alveoli and 
pear as short knobs parallel to the long alveolar sacs containing two to four or 
axis of the aheolar duct (Fig, 40I). more alveoli. 
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It has been suggested that the space be- 
tween the alveolar duct and the alveolar 
sacs be termed the atrium, especially at 
the ends of the alveolar ducts. The struc- 
tures described under this term have not 
been generally accepted as forming a dis- 
tinct entity, for some authors consider 
them to be parts of the alveolar ducts. 

Tlie alveoli are thin-walled polyhedral 


vessel lumina (Figs. 408 and 406). The 
alveolar walls contain a close, meshed net- 
work of branching reticular fibers. These 
along with a fewer number of elastic 
fibers form the supporting framework for 
the thin-walled air vesicles and their nu- 
merous capillaries (compare Figs. 410 
and 411). The capillaries are so situated 
that the greater portion of their surface 



Fig. 406. Thick section of lung of eighteen-year-old roan showing surface view of alveolar 
septum. Specimen fixed immediately after death by intra-tracheal injection of Zenker-formol 
solution after pulmonary veins and artery had been ligated to keep blood in capillaries Note close 
network of capillaries. Mallor^-azan stain Photomicrograph. 625 X. Courtesy of C C. Loosli. 


formations, one side of which is always 
lacking so that air may diffuse freely from 
the alveolar ducts into the alveolar sacs 
and thus into the cavities of the alveoh. 
The most conspicuous feature of the alveo- 
lar walls after the age of viability is the 
dense, single network of capillaries in the 
alveolar walls. Tlte capillaries anastomose 
so freely that many of the spaces between 
them are smaller than the diameter of the 


is exposed to the alveolar air (Figs. 407, 
408, and 412). The larger reticular and 
elastic fibers occupy a central position in 
the septa with the anastomosing capiJ- 
laries weaving back and forth in the 
meshes of the fibers to jut into the ad- 
jacent alveolar spaces. This relationship 
of supporting fibers to capillaries is best 
seen in the lung of the newborn, which 
has a thick cellular central stroma, and be- 
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Fic 405. Section of Junp of human newborn (Bbo>e). and of iwel>e->ear-old gtrl ^ 

specimens fixed immedistely after death by the .ntratradieal injection ot ‘ kolo^ 

Note increase in sue ot alveolar ducts lx) and al.eoli latTotv I.ead) Mallory-aran stain, 
miciociaphs. 82 X. Courtesy o! C. C Looab. 
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Fig. 408- Sections of lungs of newborn (above) and of a Iwelve-year-old girl (below), fixed as 
described in Fig. 405. The abeolar walls consist of a central stroma of connective tissue fibers 
and cells which support a close network of capillaries free of an epithelial covering. Arrowheads 
in the upper figure point to bundle fibers (cut in cross section) which surround the mouths of the 
aUeoli. The arrow in the lower figure points to a septal cell. Mallory-azan stain. Photomicrographs 
600 X. Courtesy of C. G. Loosll, 
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comes less conspicuous mth advancing 
age due to the thinning and stretching of 
the alveolar walls. 

The mouths of the alveolar sacs are 
completely surrounded by a wavy wreath 
of collagenous fibers. These continue 
from one sac to the next and help to give 
thickness to the wall of the alveolar duct 
(Figs. 404 and 408). It is quite probable 
that these curled wreaths may straighten 
out with deep inspirations. Elastic fibers 


employing the intratracheal injection of 
silver nitrate as a method for marking the 
limits between cells, describe a continuous 
membrane composed of large, exceedingly 
thin plates devoid of nuclei and smaller 
nucleated cells. The non-nucleated plates 
have never been seen desquamated from 
the surface of the alveoli, and stages in 
their formation have not been described 
adequately. Although the question is by 
no means settled, there is a growing tend- 



Fig. 4Q7, Plv3to«viciograpU of aUcolar wall of lung of ei^ileen-year-old man. From same specimen 
as Fig 406. Note tlie linn membrane between tlie lunu'na of the capillaries and tlie air spaces. 
Arrowheads point to “«cptal cells” in their cluraclerisHc location on the alveolar walls. Hemaloxylin- 
eosm-azure II stam. 1000 X. Courtesy of C. G. Loosli. 


accompany the collagenous fibers. The 
dense networks of reticular fibers within 
the walls of the alveoli and alveolar sacs 
are continuations of these collagenous 
fibers, which, in turn, are connected with 
the collagenous fibers in the walls of the 
arteries, veins, and bronchioles. The elas- 
tic fibers are likewise continuations of 
those of the bronchioles. 

Cnlts Lining the AlveolL All authors 
accept the presence of nucleated cells lo- 
cated in some of the intercapillary spaces 
on the alveolar walls. Some histologists. 


ency to deny the existence of these plates 
as many of the older histologists did (see 
Macklin). 

According to Loosli, the irregular rvavy 
lines produced by silver nitrate intro- 
duced intratracheally or intravascularly 
in the alveolar rvalls of mammalian lungs 
are the outlines of the endothelial cells 
lining the capillary blood vessels. This is 
also true of the respiratory portion of the 
lungs of birds (see Bargmann). In frogs 
and turtles, the injection of silver nitrate 
shows that, in addition to the endothelial 
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association >vith the connective tissue 
stroma at_ the interstices of tlie alveolar 
walls (Fig' 407). Some are seen to lie 
across the septa with their cytoplasm pro- 
jecting into the adjacent alveolar spaces. 
Wlien the lung of a ’rabbit -is completely 
collapsed for several weeks by repeated 
injections of air into the pleural cavity 
follou’ing section of the phrenic nerve of 
the same side, the nucleated cells do not 


lung seem to consist primarily of a very 
dense network of anastomosing capil- 
laries, accompanied by scattered isolated 
perivascular cells. Their origin from ento- 
derm or mesenchyme or both has not been 
settled. The capillaries and their peri- 
vascular cells are contained in an exceed- 
ingly thin-walled, ground membrane in 
which the supporting reticular and elastic 
fibers run (Figs- 407, 408 and 4121 . See 


phura 



Fig. 409 Section through the lung ol a dog, perpendicular to the pleura, allowing relation of 
the pulmonary artery (pal and the pulmonary vein (pr) to the pleura. Artery gray, veins black. About 
100 X- Redrawn and slightly modified after W. S. Milter. 


thicken to form a membrane over the cap- 
illaries, On the other hand, they appear 
to blend with the central stroma of the 
walls leaving the capillaries filled with 
blood cells free of an epithelial covering 
and abutting directly against the thin 
clefts representing the former air spaces 
(LoosU) . In the lungs of the newborn un- 
erpanded by extra uterine respirations, 
the alveolar capillaries are likewise bare 
(Fig. 415). 

The walls of the alveoli in the adult 


Macklin (1937) for an exposition of the 
contradictory views on this problem. 

Openings or “pores” in the interalveo- 
lar septa connecting adjacent alveoli are 
much more numerous in some species of 
mammals than in others. There is no 
doubt of their normal occurrence. In cer- 
tain pathologic conditions, as lobar pneu- 
monia, threads of fibrin can easily be 
demonstrated to pass through the alveolar 
walls and connect the inflammatory exu- 
date in adjacent alveoU. The pores permit 
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cells, the alveoli are lined by a continu* 
ous layer o! flaiiened epithelial cells. 

It is obvious that the crude silver m« 
trate technic has classed several types of 
cells into one group, in which practically 
aU cytologic details are obscured. There 
can be little doubt that the so-called “nu- 
cleated alveolar epithelial cells” of the 
older authors are composed of certain 
pericapillary cells (to be discussed 
shortly) , probably also the endothelial 
cells of tlie capillaries and even some of 
the blood corpuscles within these vessels. 

Other vTOrkers denying the existence of 
non-nuclealed plaques consider that the 
alveolar surfaces are covered by thin 
cytoplasmic expansions of the nucleated 
cells, although such a membrane has not 
been demonstrated in normal lungs. For 
support of this theory, histological find- 
ings in certain chronic lung diseases show- 
ing so-called alveoli lined by a layer of 
cuboidal cells are described (see Miller 
and Bell). The walls of such spaces also 
show marked thickening of the connective 
tissue stroma and a decrease in the num- 
ber of capillaries, thus resembling in no 
respect a normal functioning septum. The 
pathogenesis of such lesions has not yet 
been worked out. Some pathologists con- 
sider these lining cells a downgtowlh of 
epithelium from the terminal bronchioles, 
secondary to destruction of tlie normal 
architecture of the alveolar walls by the 
disease process. Evidence to support this 
view is found in studies of the pathogene- 
sis of certain experimental virus infec- 
tions in animals (Loosli, Dungal) and 
so-called “alveolar cell tumors” in man 
(Herbut) . 

In certain strains of mice, non-melasla- 
sizing pulmonary tumors undisputedly 
arising from the nucleated cells, “alveolar 
epithelial cells,” on the alveolar walls 
have been produced by the subcutaneous 
injection of carcinogenic agents. On serial 
transplantation in the subcutaneous tissue 
some of these tumors undergo change 


from on epithelial pattern to a' fibrosar- 
coma (see Grady and Stewart). 

In tissue cultures of the lungs and in 
certain in vivo experiments, these incon- 
spicuous cells in the septa mobilize in a 
few hours and assume the appearance and 
function of typical macrophages. The 
name “septal cells” has been suggested 
for them (Lang). According to Loosli, in 
acute pneumococcal infections of the 
lungs of dogs and monkeys, the principal 
reaction of the “septal cells” appeared to 
be one of enlargement without detachment 
from the alveolar walls. No phagocytic 
properties were observed in the attached 
cells. Tiie chief source of the macrophages 
was from the hj’perlrophy and trans- 
formation of the hematogenous lympho- 
cytes and monocytes after they entered 
the air spaces in the early stages of the 
disease. 

In practically every section of lung, 
free macrophages (alveolar phagocytes) 
can be found in the alveoli. TIrey are in* 
dislingui.^bable from the macrophages in 
other parts of the body. When they con* 
tain particles of dust, they are called 
“dust cells.” In certain cardiac diseases 
they become filled with granules of hemo- 
siderin and are then called “heart fail- 
ure” cells. They are derived according to 
most aulliors from the “alveolar epi- 
thelium” or the “septal cells” as indicated 
above. The majority probably arise from 
the agranulocytes of the blood which have 
wandered into the alveoU and iiyper- 
Irophied into macrophages. Whatever the 
embryologic origin of the cell, it certainly 
acts in the defense of the lung, including 
the removal of the dust particles, as a 
typical macrophage (see Robertson, 

1941 ). 

The nature of the nucleated cells, 
**seplal cells,” outside the capillaries in 
the alveolar walls is not clear. While some 
speak of them as being epithelial, others 
regard them as of connective tissue origin. 

In the normal lung, they are in intimate 



THE RESPIRATORY SYSTEM 


473 



Fig. 4J] PoTljon of the Jung of a monkef (Alacacttf rhesus), Sted in situ and stained wilJi resorcin- 
fuclisin for clastic fibers and counieretaiRed with light green; A. D., Alveolar duct; E, elastic fibers. 
V’ery thick section. Compare with Fig. 410. 



Fig. 412. Section of an interaheolar septum of « human lung. The er}throc>tes seem to be sepa- 
rated from tlie air spaces only by the endothelium of the capillaries. Bielschowsfcy-Foot and Alallory- 
aun stains. 720 X- 
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ihe spread of bacteria from one alveolus 
to its neighbors in pneumonia. They also 
provide a collateral air circulation, which 
aids in preventing atelectasis when sec* 
ondary bronchi become obstructed. 

Blood Vessels. The lungs receive most of 
their hlood from the pulmonary arteries. These 
vessels are of large calihcr and of the elastic 


409). The venules arise from the capillaries of 
the pleura and from the capillaries of the alveolar 
septa and portions o! the alveolar ducts and run 
in the intersegmental connective tissue, inde- 
pendently of the arteries, and fuse to form the 
pulmonary veins. In passing through the lung, 
the pulmonary artery is usually above and behind 
its accompanying bronchial tube while the ve/n 
is lielour and in front of it. 

The bronchial arteries and veins are much 



Fig. 410. Thick section from the same block as Fig. 402, stained for reticular fibers (f?) by ^he 
Bielschowsky-Foot method: /f. i?.. Alveolar duct. Note how much more numerous are the reticular 
fibers than the elastic fibers in Fig. 4II. 


type (p. 238) . The branches of these arteries in smaller than the pulmonary vessels. These arteries 
general accompany the bronchi and their branches arise from the aorta or the intercostal arteries 
as far as the respiratory bronchioles. The arterial and follow the bronchi. They are distributed to 
paths in the lung, however, are subject to con- the walls of the bronchi, their glands, and the 
siderable variation. It would appear that the interlobular connective tissue beneath the pleura, 
rather easily resectable bronchopulmonary seg- Most of the blood carried by the hronchial arteries 

metit should not be considered to be a mor- is brought back by the pulmonary veins. In the 

phologic bronchovascular unit (Boyden). From alveoli which arise from the respiratory bron- 

the respiratory bronchioles they divide and a chioles, there is a capillary anastomosis between 

branch passes to each aheolar duct and is dia* the terminations of both the pulmonary and bron- 

tributed in a capillary network over all the chial arteries. 

alveoli which communicate with this duct (Fig. Lymphatics. There are two main divisions ol 
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the lymphatics of the lungs. One set is in the 
pleura and the otlier in the pulmonary tissue; 
they communicate very infrequently; holh of 
them drain into tlie lymph nodes at the hilum of 
the lung. The lymphatics of the pleura form a 
dense network with large and small polygonal 
meshes. The large meshes are surrounded by 
large vessels and demark the lobules; the small 
meshwork is formed of smaller >essels which 
mark out the anatomical unit. There are many 
vahes in these lympiiatics which control the flow 
of lymph so that it passes to the hilum and not 
into the pulmonary tis«ue. These pleura! Ijm- 


pleuta. All of the lymphatics of the pulmonary 
tissue drain toward the hilus nodes. Efferent 
trunks from the liilar nodes anastomose to form 
the right lymphatic duct which is the principal 
channel of lymph drainage from both the tight 
and left lung. There are no valves in tlie intra- 
pulmonic lymphatics except in a few tesscis, in 
the interlobular connectite tissue neur the pleura, 
which accompany llte brandies of the pulmonary 
xeins. These lymphatic vessels connect the pul- 
monarx and pleural lymphatic plexuses As their 
valics point only toward the pleura, they provide 
a mechanism xvherehy lymph can flow from the 



Fig. 413. Injected lympliatic plexus of the pleura of a human lung. 7'he area bounded by the 
large vessels is the base of a pulmonary lobule. It is composed of numerous, smaller, polygonal 
areas demarcated by the smaller lymphatics; these correspond to the pulmonary units. 8 X* After 
W S. Miller. 


phatics combine into several main trunks which 
drain into the lymph nodes at the hilum. 

The pulmonary lymphatics may be divided info 
several groups which include those of the bronchi, 
of the pulmonary artery, and of the pulmonary 
vein. The lymphatics in the bronchi form an 
anastomosing network. They terminate in the 
alveolar ducts and their end branches join the 
lymphatic radicles of the plexuses about the pul- 
monary artery and vein. There are no lymphatic 
vessels beyond the alveolar ducts. The pulmonary 
artery is accompanied and drained by two or 
three main lymphatic trunks. The lymphatics 
associated with the pulmonary vein begin with 
its radicles in the alveolar duels and in the 


pulmonary tissue into the pleural lymphatics if 
tile norma! flow of lymph in the former toward 
the hilum is interrupted. 

As was nventioned above, the mucous mem- 
brane of the bronchi is infiltrated with lympho- 
cytes and often contains lymphatic follicles. 
There are other accumulations of lymphatic tis- 
sue in the adventitia of the pulmonary arteries 
and veins, but these, as a rule, do not form 
nodules in the normal lung. 

Nerves, The pulmonary plexuses at the root 
of the lung are formed by branches of the 
vagus and from the thoracic sympathetic gang- 
lia. The bronclioconstrictor fibers are from the 
vagus nerve, while the bronchodilator fibers are 
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alveolar ducts and the alveoli. Whether growth 
of the lung takes place only by an increase tn 
size and distention of existing ducts and alveoli 
or by some other process needs further study. 

Repair of the Lung. The lung is frequently 
the seat of inflammatory conditions which leave 
it unimpaired on healing. There are certain in- 
fections, however, in which large masses of pul- 
monarj tissues are destroyed, notably tubercu- 
losis. In this case healing is always attended 
by connective tissue scar formation; there is no 


lion as to whether the passage of the 
gases is to be looked upon as a secretion 
or as a simple process of diffusion must be 
decided in favor of the latter view for the 
present, except that liberation of carboti 
dioxide from carbonic acid by dehydra- 
tion is now known to be greatly acceler- 
ated by an enzyme — carbonic anhydrase. 
The capillaries in the respiratory portions 



evidence to show that the pulmonary tissue Can 
regenerate afier destruction. 

Ilistophysiologic Remarks. The pri- 
mary function of the lungs is to serve as 
a means for the assimilation of oxygen 
from the air and for the removal of carbon 
dioxide from the body. Tlie network of 
blood capillaries in the wall of the air 
\esicles is separated from the air by a 
thin, moist membrane which permits the 
ready diffusion of oxygen into the blood 
and carbon dioxide out of it. The ques- 


of the human lung are estimated to have 
a surface area of 140 square meters. The 
lung also eliminates approximately COO 
cc. of water a day in the expired air; 
under abnormal conditions it may also 
remove certain substances from the blood, 
such as alcohol. 

The lung has a large margin of reserve; 
lhal is, the body at rest uses but a small 
portion — about — of the pulmonary 

aerating surface. 

Recent studies indicate that the alveoli 
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from llie sympathetic and arise mainly from the 
inferior cervical and first thoracic panglia. The 
pulmonary vessels are supplied with both sym- 
pathetic and parasympathetic nerve fibers. Tlieir 
effect on these vessels is not understood, as 
the experimental evidence is contradictory. The 
sympathetic fibers act as vasoconstrictors for the 
bronchial arteries. 

The Pleura. The serous membrane lining the 
pleural cavities is rejected over the lungs as 
the vhceTal pleura. It consists of a thin layer 
of collagenous tissue containing some fibroblasts 
and macrophages, and several prominent layers 
of elastic fibers running at various angles to the 
outer surface. It is covered by a layer of meso- 
thelial cells like those of the peritoneum. A simi- 
lar serous layer lines the wall of the thoracic 
cavity and is called the parietal pleura. A promi- 
nent feature of the pleura is the great number 
of blood capillaries and lymphatic vessels dis- 
tributed in it. The few nerves of the parietal 
pleura are connected with tiie phrenic and inter- 
costal nerves. The nerves to the visceral pleura 
are believed to be brandies of the vagus and 
sympathetic nerves supplying the bronchi. 

llistogenctic Remarks. Tlie lung arises in 
the embryo as a medial diverticulum of the fore- 
gut, calidal to the branchial clefts; it extends 
caudally and divides into two branches. The 
medial diverticulum is the primordium of the 
future larynx and trachea, and the first two lateral 
branches will form the two main bronchi of 
the adult lung. These two branches divide repeat- 
edly; they become surrounded by a relatively 
dense mass of mesenchyme, so that throughout 
most of the embryonic period, up to six months, 
the lung has a suggestively glandlike structure 
(Fig. 414, upper). 

The primitive bronchi are lined with cuboidal 
epithelium. They branch dichotomously and are 
capped by end buds lined with cylindrical epithe- 
lium. The lumen of tlie end knobs is distinctly 
larger than that of the ducts. The knobs con- 
tinue to branch perpendicularly to the axis of 
their ducts. In the three- to four-month stage 
the connective tissue cells and fibrils become 
prominent and the connective tissue contains 
many blood vessels. The lymphatics at this time 
are large and divide the pulmonary tissue into 
fairly distinct lobules. The end knobs now begin 
to branch irregularly. 

In the eighteen- to twenty-week stage the 
lobulation becomes decidedly less prominent as 
the connective tissue diminishes in amount and 
the lymphatics become much narrower. The end 
knobs become much smaller. 

At six to seven months, in a 35-cm fetus, the 


small bronchi are lined in part with ciliated 
epithelium, which flattens toward tlie peripheral 
ends of the bronchi. These branch and end in 
the terminal ducts capped with the end knob$. 
The latter finally become alveoli, according to 
most authors. This view is probably incorrect. 

At about the beginning of the sixth month of 
gestation, the lung undergoes rapid structural 
alterations. It loses its gland-like appearance 
(compare Figs. 405 and 415) and becomes a 
iiighly vascular organ. The cuboidal entodermal 
cells lining the end buds disappear and are re- 
placed by a network of blood capillaries which 
lie on the surfaces of the relatively thick-walled, 
saccular air spaces. 

The factors which are responsible for these 
morphological changes are not known. Although 
the human fetus begins a pattern of respiratory 
activity early in intrauterine life (Davis and 
Potter), such activity is not necessary for the 
normal development of the lungs (Potter and 
Bolilender). 

It seems clear that in human embryos (Palmer, 
Barnard and Day) and in pig embryos (Clements, 
Ham and Baldwin), the continuous epithelial 
membrane becomes interrupted and replaced by 
Mood vessels on the walls of the future air spaces 
The fate of the cuboidal entodermal cells lining 
the end buds as the lung continues to grow has 
not been determined completely. Whether some 
of them persist or are replaced by cells of mesen- 
chymal origin can only be settled by a thorough 
embryolos'C investigation of tJie lung in the later 
stages of intrauterine life. 

The manner in which the lung grows beyond 
tlie initial gland-like stage is not known. In all 
probability, the few cells of epithelial origin 
which remain on the walls of the future air spaces 
have little if anything to do with the new forma- 
tion of alveoli. More important in the postnatal 
growth of the respiratory portion of the lung is 
the further development of the elastic, smooth 
muscle, and vascular systems (Loosli, 1938). 

The majority of investigators consider the 
initial respiratory air spaces to he alveoli simi- 
lar in size to those seen in the adult lung ( Dremer, 
Willson). In man it vtould seem that these sac- 
cular spaces correspond more correctly to alveolar 
ducts and that definitive alveoli are absent (Fig. 
414). At term, the alveoli are shallow indenta- 
tions on the respiratory channels (Fig. 405). 
According to Dubreuil and co-workers, the adult 
type of respiratory unit does not become appar- 
ent until several years after birth. One has only 
to compare in Fig. 405 the inflated lung of the 
newborn with the expanded lung of a twelve-year- 
old, to note the marked increase in size of the 
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alveolar ducts and the alveoli. Whether growth 
of the lung takes place only by an increase in 
size and distention of existing ducts and alveoli 
or by some other process needs further study. 

Repair of the Lung. The lung is frequently 
the seat of inflammatory conditions wlitch leave 
It unimpaired on healing. There are certain in- 
fections, however, in which large masses of pul- 
monary tissues are destrojed, notably tubercu- 
losis. In this case healing is always attended 
by connective tissue scar formation; there is no 


lion as to whether the passage of the 
gases is to be looked upon as a secretion 
or as a simple process of diffusion must be 
decided in favor of the latter view for the 
present, except that liberation of carbon 
dioxide from carbonic acid by dehydra- 
tion is now known to be greatly acceler- 
ated by an enzyme — carbonic anhydrase. 
The capillaries in the respiratory portions 



Fig. 415. Section of lung of fetus at term unexpanded by extrauterlne respiration. Note marked 
vascularity of alveolar walls and absence of glandular character. After Adair and Potter. 


evidence to show that the pulmonary tissue can 
regenerate after destruction. 

Ilistopliyslologic Remarks. The pri- 
mary function of the lungs is to serve as 
a means for the assimilation of oxygen 
from the air and for the removal of carbon 
dioxide from the body. The network of 
blood capillaries in the wall of the air 
vesicles is separated from the air by a 
thin, moist membrane which permits the 
ready diffusion of oxygen into the blood 
and carbon dioxide out of it The ques- 


of the human lung are estimated to have 
a surface area of 140 square meters. The 
lung also eliminates approximately 800 
cc, of water a day in the expired air; 
under abnormal conditions it may also 
remove certain substances from the blood, 
such as alcohol. 

TThe lung has a large margin of reserve; 
that is, the body at rest uses but a small 
portion — about 34o — of the pulmonary 
aerating surface. 

Recent studies indicate that the alveoli 
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from tlic sympathetic an<i arise mainly from tlie 
inferior cervical and first thoracic ganglia. The 
pulmonary ses'eiU arc supplieil with both sym- 
patlietic and parasympallielic nerte fibers. Their 
effect on these vessels is not understood, as 
llie expeiimenlai evidence is 'contradictory. Tlic 
sympathetic fibers act as vasoconstrictors for the 
lironchial arteries. 

The Pleura. The serous membrane lining the 
pleural cavities is reflected over the lungs as 
the visceral pleura. It consists of a thin layer 
of collagenous tissue containing some fibroblasts 
and macrophages, and seseral prominent layers 
of elastic fibers running at various angles to the 
outer surface. It is covered by a layer of incso- 
thclial cells lihe those of the peritoneum. A simi- 
lar serous layer lines the wall of the thoracic 
cavity and is called the parietal pleura, A promi- 
nent feature of the pkwa is the great number 
of blood capillaries and lymphatic vessels dis- 
tributed in it. The few nerves of the parietal 
pleura are connected with the phrenic and inter- 
costal nerves. The nerves to the visceral pleura 
are believed to be branches of the vagus and 
symp’athetic nerves supplying tiie bronchi. 

Illstogciietic ncmnrks. The lung arisea in 
the embryo as a medial diverticulum of the fore- 
gut, caudal to the branchial clefts; it CTtends 
caudally and divides into two branches. Hie 
medml diverticulum is the primordium of the 
future larynx and trachea, and the first two lateral 
branches will form the two main bronchi of 
the adult lung. These two branches divide repeat- 
edly; they become- suriounded by a relatively 
dense mass of mesenchyme, so that throughout 
most of the embryonic period, up to six months, 
the lung has a suggestively glandlike structure 
(Ftg. 414, upper). 

The primitive bronchi are lined with cuboidal 
epithelium. Hiey branch dichotomously and are 
capped by end buds lined with cylindrical epillie- 
1mm. The lumen of the end knobs is distinctly 
larger than that of the ducts. The knobs con- 
tinue to branch perpendicularly to the axis of 
their ducts. In the three- to four-month stage 
the connective tissue cells and fibnls become 
prominent and the connective tissue contains 
many blood vessels. The lymphatics at this lime 
are large aud divide the pulmonary tissue into 
fairly distinct lobules. The end knobs now begin 
to branch irregularly. 

In tlie eighteen- to twenty-week stage the 
iobuiation becomes decidedly leas prominent as 
the connective tissue diminishes in amount and 
the lymphatics become mucli narrower. The end 
knobs become much smaller. 

At six to seven months, in a SS-cm. fetus, the 


small bronchi are lined in part with ciliated 
epitheb'um, which flattens toward the peripheral 
ends of the bronchi. These branch and end in 
the terminal ducts capped with the end knobs. 
The latter finally become alveoli, according to 
most authors. This view is proliably incorrect. 

At about tftc beginning of the aixth inonih of 
gestation, the lung undergoes rapid structural 
alterations. It loses tts gland-like appearance 
(compare Figs. 405 and 415) and becomes a 
highly vascular organ. The cuboidal enfodemial 
cells lining the end buds disappear and are re- 
placed by a network ol blood capiUaries which 
lie on the surfaces of the relatively Ihick-walfed, 
saccular air spaces. 

The factors which are responsible for these 
morphological changes are not known. Although 
the human fetus begins a paiteni of respiratory 
activity early in intrauterine life (Davis and 
Potter), such activity is not necessary for the 
normal development of the lungs (Potter and 
Bohlcnder). 

It seems dear that in human embryos (Palmer, 
Barnard and Day) and in pig embryos (acmenfs, 
Ham and Baldwin), the continuous epithelial 
membrane becomes inlerrupted and replaced by 
blood vessels on the walls of the future air spaces. 
The fate of the cuboidal entodennal cells lining 
the end buds as the lung continues to grow has 
not been determined ccmpleiely. Whethef some 
of them persist or are replaced by cells ol mesen- 
chymal origin can only be settled by « thorough 
emhryologic investigation of the lung in the later 
stages of IntTauietlnt life. 

The manner in which the lung grow's beyond 
the initial giand-like stage is not known. In all 
probability, the few cells of epithelial origin 
which remain on the walls of the future air spaces 
have little if anything to do with the new forma- 
tion of alveoli. More important in the postnatal 
growth of the respiratory portion of the lung is 
the further development of the elastic, smooth 
muscle, and vascular systems (Loosli, 1938). 

Hie maiority of investigators consider the 
initial respiratory air spaces to be alveoli simi- 
lar m sire to those seen in the adult lung { Ciemcr, 
Willson). In man it would seem that these sac- 
cular spaces correspond more correctly to alveolar 
ducts and that definitive alveoU are absent (Hp- 
414). At term, the alveoli are shaiJow indenta- 
tions on the respiratory channels (Fig. 40S). 
Acoording to Dubreuil and co-workers, the adult 
type of respiratory unit does not become appar- 
ent until several years after birth. One has only 
to contpace ia Fig. 403 tiie inflated lung of the 
newborn with the expanded long of a twelve year- 
old, to note the marked increase in site of ibe 
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immediately, because the force ^vhich nor- 
mally opposes the contraction of its elas- 
tic elements has been removed. This con- 
dition is known as pneumothorax. Such a 
lung remains collapsed until a negative 
pressure develops in the pleural cavity by 
the absorption of the air contained Jn it. 

With each inspiration the descent of the 
diaphragm enables the bronchi in the 
lower lobes of the lungs to extend. And, 
since the main bronchi are not fixed in 
the thorax, hut descend on inspiration, a 
mechanism is provided whereby the bron- 
chi of the upper lobes of the lungs extend 
at the same time (see Fig. 416). 

The lung of a normal adult who has 
lived in the vicinity of a large city is usu- 
- ally greatly blackened by a pigment which 
on chemical analysis has been found to be 
carbon. This material has been inhaled 
with the air; part of it is returned to the 
exterior by the action of the cilia in the 
bronchi; part of it is expelled in the so- 
called “dust cell” and part of it is accumu- 
lated in the interstitial lymphoid tissue of 
the lung or in the peribronchial and peri- 
tracheal lymph nodes. The particles of 
dust in the alveoli are taken up by the 
ameboid “dust cells.” It is quite probable 
that these cells by their o^vn motion reach 
the ciliated epithelium in the terminal 
bronchioles or enter the finer lymphatic 
radicles. Carbon-containing macrophages 
may be seen frequently in the lymphatics 
but the manner in which they enter these 
vessels has not been described. 
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probably change but lUtle during inspira* reticular fibers are put under still greater 
tion and the flow of blood is actually tension. This is a purely passive activity 
faster then. It is becoming more and more on the part of the luog. In expiration^ as 
probable that the great increase in the the thoracic cavity becomes smaller, the 
volume o.f the lungs in inspiration takes n^ative pressure in the pleural cavity is 
place mainly through a great distention lessened. This decreases the tension on 
of the alveolar ducts. A significant finding the elastic and reticular fibers and they 
is (hat the smaller bronchi and bronchi- puli the lung into a more contracted state, 
oles also distend with inspiration. thus forcing some of the air out of it. It is 



Fig. 416. Tracings from J^-rBy shadows of human lungs in deep inspiration (gray) and forced cspira- 
tjon (black). Redrawn and sH^lty modified after Mackiin. 

The pressure within the lung is that of quite probable that the smooth muscles of 
the atmosphere. The lungs are mainlained the alveolar ducts and the bronchioles also 
in a partially distended position by the help force the air out of the lung by their 
negative pressure of the potential space contraction. ‘ 

between the two layers of the pleura. An Wlien the pleural cavity is connected 
tnerease in the size of the thorax, such as with the outside air, either by accident 

occurs With every inspiration, increases or by surgical intenention, the pressure 

the negative pressure in the pleural cavityj in the lungs and the pleural cavity be- 
consequently the lung sucks m more air comes equalized at that of the atmosphere, 
and becomes larger, and its elastic and The lung in this side of the chest collapses 
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immediately, because the force ^vhich nor- 
mally opposes the contraction of its elas- 
tic elements has been removed. This con- 
dition is kno^vn as pnciimolhorox. Such a 
lung remains collapsed until a negative 
pressure develops in the pleural cavity by 
the absorption of the air contained in it. 

With each inspiration the descent of the 
diaphragm enables the bronchi in the 
lower lobes of the lungs to extend. And, 
since the main bronchi are not fixed in 
the thorax, but descend on inspiration, a 
mechanism is provided whereby the bron- 
chi of the upper lobes of the lungs extend 
at the same time (see Fig. 416) . 

The lung of a normal adult who has 
lived in the vicinity of a large city is usu- 
ally greatly blackened by a pigment which 
on chemical analysis has been found to be 
carbon. This material has been inhaled 
with the air; part of it is returned to the 
exterior by the action of the cilia in the 
bronchi; part of it is expelled in the so- 
called “dust cell” and part of it is accumu- 
lated in the interstitial lymphoid tissue of 
the lung or in the peribronchial and peri- 
tracheal lymph nodes. The particles of 
dust in the alveoli are taken up by ibe 
ameboid “dust cells.” It Is quite probable 
that these cells by their own motion reach 
the ciliated epithelium in the terminal 
bronchioles or enter the finer lymphatic 
radicles. Carbon-containing macrophages 
may be seen frequently in the lymphatics 
but the manner in which they enter these 
vessels has not been described. 
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Chapter XXIII 


URINARY SYSTEM 


THE KIDNEY 

The mammalian kidney is a compound 
tubular gland which elaborates the urine. 
Its glandular tubules are called urinifer- 
ous tubules and are provided uith a pe- 
culiar filtration apparatus, a tult of capil- 
laries, the glomerulus. 

The human kidney is a paired, bean- 


urethra also serves for the discharge of 
semen. 

The kidney is loosely invested by a 
capsule of dense collagenous bundles and 
a few elastic fibers. The glandular part of 
the kidney surrounds a large cavity, the 
sinus, adjacent to the hilus (Fig. 417). 
The sinus contains the renal pelvis and is 


Arciform vessel 



Fig. 417, Human kidney, seen from behind aficr the removal of a part of the organ. Three-fifths of 
natural size* After JSraus. 


shaped body, situated in the posterior 
part of the abdominal cavity, one on 
either side of the vertebral column. From 
the excavated edge, or hilus, a large ex- 
cretory duct, the ureter, leads to the urin- 
ary bladder which is the reservoir for the 
urine. The urethra, the last section of the 
excretory passages of the kidneys, conveys 
the urine outside the body. The male 


filled with loose connective and fat tissue 
through which the vessels and nerves pass 
to the renal tissue. 

The pelvis is an enlargement of the ex- 
cretory passages of the kidney. Distally 
it is continuous W’ith the ureter; toward 
the renal tissue, it forms two or more out- 
pocketings, the major calyces. These again 
are provided with a varying number of 



482 


TEXTBOOK OF HISTOLOGY 


smaller outpocketings, the minor calyces. 

The glandular substance consists of an 
outer mass — -the cortex — whicli covers the 
medullary substance composed of 8 to 18 
renal pyramids {of Malpighi) , These are 
roughly conical bodies placed with the 
base outward and with the apex, or 
papilla, projecting into the lumen of each 
minor calyx. Tlie papilla is perforated by 
10 to 25 small openings — the area crihrosa. 


guislicd on macroscopic examination of the fresh 
section. 

Where the dark brotvn cortex separates 
the lateral surfaces of the pjTamids it 
forms the renafeo/umns {of Benin) (Fig. 
417). From the bases of the pyramids 
thin, radially directed processes arise 
which enter the cortical substance but do 
not reach the surface of the organ. They 
show the same striation as the substance 




' ■ ••'edulla 


Fig. 418. Low power view of a section of kidney of Macacus rhesus. Fixation by vascular perfusion— 


hence the empty blood vessels. Photomicrograph (slightly retouched). 13 X* 


The gray substance of each pyramid is 
radially striated by brownish lines nbich 
converge toivard the apex of the papilla. 
This striation is caused by the straight 
parts of the uriniferous tubules and the 
blood vessels which parallel them. 

Otving to the different character of the straight 
tubules in its various levels, each p>Tamid can be 
subdivided into an inner and an outer zone. In the 
latter, again, a darker and thicker inner, end a 
lighter and thinner outer lajer can be distin- 


of the pyramid and are called medullary 
rays (ofFerrein). 

The pyramids can be considered as the 
lobes of the kidney. In the fetal period 
they are separated from each other by 
connective tissue and fuse only in later 
stages, although in the ox, and sometimes 
in man, the lobatcd condition remains 
throughout life. 

£ach pyramid can he subdivided into 
smaller structural units, the renal lobules. 
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on the basis of the branching of the excre- 
tory ducts. Adjoining lobules are not 
separated from one another by connective 
tissue partitions (seep.491). 



Fig, 419. Jletaneplinc renal tubule of adult 
rabbit, completely isolated by teasing. Prox, 
proximal convolution; Term, terminal part of 
proximal convolution; Desc, descending limb of 
Ilenle’s loop; Asc, ascending limb of Henle’s 
loop; Dist, distal convolution; Col. t, collecUng 
tubule; 0, glomerulus. Slightly modified after 
Huber, Irom Cowdry's Special Cytology, pub- 
lished by Paul 11. Hoeber, Inc. 

UriniCcrous TuUulcs. As in most 
other glands, the kidney contains Ixvo 
kinds of tubules: the first arc the secre- 
tory portions tvhich help form the urine. 



Fig. 420. Diagram of two nephrons and their 
comwclion with the collecting tubules. CO, Cor- 
tex; MOZ. outer zone of medulla; MIZ, inner 
zone of medulla; Malpigliian corpuscles black; 
proximal convolution stippled; descending limb 
of Ilenle white; ascending limb of Henie 
crosshjlchcd and then white (to indicate the 
opacity and clearness seen in macerated prepara- 
tions but not in sections) ; distal convolution 
obliquely striated. Collecting tubules while. Re- 
drawn and slightly modified after Peter. 
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ffenaf tubules 
and blood vessels 
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Fig. ‘^21. Diacram of relations of blood vessels, nephrons, and collecting ducts in hidnev. The 
actual structures are much more complicated than those indicated here. Arlenes, red; veirts, Mue; 
glomeruli, red dots; nephrons, green; collecting duets, black. Six interlobular arteries and attached 
glomeruli are shown The right-hand pair show« their relation to the sein«, the left-hand pair their 
relation to nephrons, and tlie central pa/r shows their relations to both nephrons and veins. Extensively 
modified from the diagrams of Peter, Braus, and vr. Mdllendorff. 


urinahy system 


485 


while the second ate excretory ducts 
which convey the urine to the ureter. In 
contrast to other glands, which arise from 
a single primordium, the secretory por- 
tions of the kidney tubules develop from 
the metanephrogenic hlasletna and unite 
secondarily witJi the excretory ducts 
which arise from the Wolffian duct. The 
secretory portions are long tortuous sim- 
ple tubes, each of which ends in a saeUkc 


ducts, U the structural and functional 
unit of the kidney— -the nephron (Figs. 
419, 420). Each part of the nephron has 
a peculiar configuration, occupies a defi- 
nite position in the cortex or the medulla 
and is lined with a specific type of epi- 
thelium. The successive parts of the neph- 
ron are: renal corpuscle irith its capsule of 
Bowman, the proximal convolution, de- 
scending and ascending lin^bs of Kenle’s 



Fig. 422. Diagram of a ?ertion tbiougJi tlic Breatest d>dntmei of a normal Uttinan glomerulus. 
T, tlijckenmg of glomerular fcasemem membtane — often seen at onfice jnto another loop. Slighll) 
modified after McGregor 


eidargement, the capsule of Bowman. As 
the urinifcrous tubules follow a very tor- 
tuous course, the form and the relation of 
the tubules can be elucidated only by teas- 
ing the tissue after maceration or by re- 
constructing the tissue in wax from serial 
sections. 

The Secretory Portion, the Ncpli- 
ron. Each tubular secretory portion, be- 
ginning with the capsule of Bowman and 
ending at the junction with the excrelort 


loop, and distal contoJution. A short con- 
necting lube joins the collecting tubule or 
excretory duct ivilh the nephron (Fig. 
419). 

Renn) Corpuscle. The capsule of 
Bowman arises in the embryo as a spher- 
ical epithelial r-esicle which is later invag- 
inated by a lull of blood capillaries, the 
glomerulus, and thus is transformed into 
a double-walled cup. The capsule and the 
glomerulus together lorm the roughly 
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Renal tubules 

Rena! tubules and blood vessels 



Eig. 421. Diagram of relations of blood vessels, nephrons, and collecting ducts in kidney. Tl3e 
actual structures are mucJi more complicated than llioee indicated Iiere. Arteries, red; veins, blue; 
glomeruli, red dots; nephrons, green; collecting ducts, black. Sit interlnlmlar arteries and attaclied 
glomeruli are shown The right-hand pair shows their relation to the >eins. the left-hand pair their 
relation to nephrons, and the centra) pair shows their relations to both nephrons and veins. Extcnshely 
modified from the diagrams of Peter, Draus, and v. MuKendorflf. 
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ihe cells in the carotid tody. They form a 
cuff extending for 25 to 85 p. along tl»c 
arteriole and because of their position 
liave been called the juxtaglomeruli^ ce/is. 
They are absent from the ^o^ver verte* 
brates and from children below the age of 
tw’o years. Unlike the cells in the caroUd 
and aortic bodies, which have a very rich 
supply of nerves, the innervation of the 
juxtaglomerular cells is not different from 
that of the unchanged smooth muscle cells 


the cellular outlines in the endothelium 
of the glomerular capillaries, so that this 
endothelium is-supposed to have a partly 
syncytial character. Each capillary loop is 
covered by a basement membrane on 
which rest the visceral epithelial cells, 
Tlie epithelial nuclei ore believed to be 
ten times as numerous as the endothelial 
nuclei. A fe'v reticular fibers have been 
found in the glomerulus and, according to 
some, a few fibroblasts. 


inter! 

anary 



Medullary ray 


Voj/mof conyo- 
Mhn 

arising from 

CODS'''- ' 


Fig. 424 Section in the long axis 


..iui.an(S rhesus. Photomicrograph. 58 X* 


of the vas afferens. The internal elastic 
lamella is %veU developed but ceases with 
the branching of the vessel. 

The vas aflerens, entering the renal cor- 
puscle, divides into 2 to 4, rarely up to 
10, primary branches, which in their turn 
divide into secondary branches. From 
these arise about 50 very tortuous capil- 
lary loops which only exceptionally anas- 
^tomose before they fuse to form the vas 
efTerens. 

Siher nitrate fails to bring out all of 


The efferent arteriole has a layer of cir- 
cular smooth muscle fibers but is devoid 
of an elastic membrane. Its diameter is 
distinctly smaller than that of the afferent 
Vessel. It is probable that the contractility 
of the vas eflerens helps regulate the pres- 
sure in the glomerulus. 

Proximal Convolution. The short 
transition from the capsule to the follow- 
ing part of the tubule is sometimes re- 
ferred to as the “neck,” although a 
marked constriction is by no means lypi- 
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spherical renal corpuscle (of 
The original cavity of the capsule of Boiv-* 
man is transformed into a cleftlike space. 
At one pole of the corpuscle the outer or 
“parietal” layer of the wall continues into 
the next section of the nephron. On the 
opposite side the glomerulus is com 
nected with its afferent and efferent arleri* 
oles. Here the parietal wall is reflected 
onto the surface of the glomerulus as the 


The “visceral” epithelial cells covering 
the surface of the glomerulus adhere 
closely in a continuous layer to the capil- 
lary loops (Fig. 422). Tliey contain a few 
mitochondria and a Golgi net. The claim 
that the visceral epithelium consists of 
isolated perivascular mesenchymal cells 
or pericytes has not been generally ac- 
cepted. The “parietal” epithelium is usu- 
ally of the simple squamous type and the 


Capsular 

Collecting tubule epithelium Subcapsular space 



Fig. 423. Section of tlie cortex of the kidney of a >oung Iniinan adult, showing a renal corpuscle. 
Hcmatoxylin-eosin-azwre alaiD. (Drawn hy Miss A. Nixon.) 


“visceral” layer of the capsule ( Fig. 422) . 
The glorneruU are scattered throughout 
the cortical tissue hetueen the medullary 
rays. 

Estimations of the number of clnnteruli vary 
from 1,000,000 or e\en less to about 4.500,000 
in one human kidney. Since the plonieruJos, as is 
explained below, is esseiuially a filltalion appa- 
ratus, the size of its free surface must be of im- 
portance. Tlie absoiute values gJ'en by various 
iniestigators (e. g , 0.78 square meter for all the 
glomeruli of one kidney J cannot be considered 
as reliable. 


limits of its polygonal cells can be demon- 
strated fairly veil. 

The glomerulus is a convolute of tor- 
tuous capillaries interposed in the course 
of an artery. The afferent arteriole lacks a 
dislincl adventitial coat; its media con- 
sists of circularly arranged smooth mus- 
cle cells. Near the entrance of the vessel 
into the glomerulus, the smooth muscle 
cells of the vas afferens become large and 
pale-siaining, an appearance which gave • 
them the name epithelioid. They suggest 
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logic conditions, as well as in postmortem 
aulolysis, droplets of neutral fat and of 
phosphatids readily appear. In some ani- 
mals (cat) they are of normal occurrence. 

During diuresis the lumen of the proxi- 
mal convolution is large, the cells are low 
and flattened, and the brush border high 
(Fig. 425, B) . In the resting condition the 
cells are high and provided "with a bulg- 
ing surface which transforms the lumen 
into an irregular, star-shaped cleft (Fig. 
425, A ) . Other structural changes, as vac- 
uolization of the apical parts, bulging of 
drops of the superficial cytoplasm through 
the brush border into the lumen, as well 
as the formation of vacuolated or foamy 
masses in the lumen all seem to be arte- 
facts. 

Although the whole length of the proxi- 
mal convolution seems to have the same 
structure, certain experiments (vital stain- 
ing, poisoning with uranium, chromium, 
bichloride of mercury, etc.) allow a sub- 
division of this tubule into three or four 
successive stretches, which show specific 
reactions to the different noxious factors. 

Loop of Hcnle. The proximal convo- 
lution continues into the loop of Henle. 
This has two straight limbs running par- 
allel to each other in the radial direction 
and connected by a sharp bend or crest. 
The descending limb of the loop is a thin, 
straight tubule with an outer diameter of 
14 to 22 ft. The ascending limb is thicker 
(33 n). The transition from the thin de- 
scending to the thick ascending limb is 
usually abrupt and rarely occurs at the 
crest of the loop. 

The loops of Henle are of different lengths, 
depending on the level they reach m descending 
into the pyramid and on the position of the renal 
corpuscle to which they belong. In the human 
kidney the short ones are about seven times as 
numerous as the long ones; they belong to those 
^ renal corpuscles located nearer to the surface ol 
the kidney; their crest is always formed by the 
\ thick ascending limb and is located in the outer 
zone of the medulla The thin, descending limb 
may be very short or even absent. In the latter 


case the proximal convolution continues directly 
into the thick ascending limb. In the longer 
loops which belong to the deeper renal cor-1 
puscles the crest is formed by a thin limb. These | 
loops sometimes extend nearly to the apex of 
the papilla. In this case the length of the thin 
limb may vary from 4 5 to 10 mm. or even more 
The ascending thick limb of the loop of Henle 
has, on the average, a length of 9 mm. It occupies 
a position nearer to the corresponding collecting 
tubule than the descending limb. This part ol 
the nephron is usually located in the outer zone 
of the medulla. 

As the proximal convolution passes into 
the descending thin limb of the loop, the 
caliber of the lumen tapers down grad- 
ually but the epithelium changes abruptly. 



Fig. 426. Transection of a proximal convolution 
of guinea pig under high magnification Between 
nucleus and brush border the Golgi net is seen. 
Redrawn after Brugnatelli 

The cells with the brush border are sud- 
denly replaced by thin, squamous epithe- 
lial cells with a pale staining cytoplasm 
containing a slightly flattened nucleus 
which causes a bulging of the central part 
of tlie cell body into the lumen. The cell 
outlines are also sometimes distinctly fes- 
tooned, e. g., in the cat (Fig. 427). The 
edges of the free surfaces are provided 
with terminal bars. At the free surface, 
above the nucleus, a pair of centrioles 
with a central flagellum is present; a 
Golgi net has also been described; mito- 
chondria are very scarce. 

Owing to the thinness of the epithelium, 
the descending limbs of the loops can be 
easily mistaken for blood capillaries (Fig. 
428). 

The change from the descending limb 
to the ascending limb is usually also fairly 
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cal. The next part of the tubule is called 
the proximal convolution and is the raojst 
important functipnal section of the neph- 
ron. It is 14 mm. long and 59 in diam- 
eter, has a very tortuous course and con- 
stitutes most of the cortical substance. In 
addition to many small loops it always 
forms a large loop directed to^^rd tlie 
periphery, then returns to the vicinity of 
its renal corpuscle, approaches the near- 
est medullary ray, and runs toward the 
medulla. In the outer 2 one of the pyramid, 
the proximal convolution tapers down into 
its terminal portion which continues into 
the U-shaped loop of flenle. 


easy to preserve them satisfactorily in 
fixed material. After suitable fixation and 
staining, the basal parts of the cells are 
occupied by parallel rods, perpendicular 
to the basement membrane and reaching 
the level of the nucleus. They stain like 
mitochondria. In poorly fixed slides this 
typical striation of the epithelium is in- 
visible because the rods disintegrate into 
granules. This also occurs during life as a 
degenerative process in pathologic con- 
ditions. The superficial part of the cell 
body contains granular mitochondria and 
often small vacuoles which stain supra- 
vitally with neutral red. 



A B 

Fig. 425. Cross section through the proximal convolution, showing brush border, of a dog's kidney. 
A, In anuria; D, at maximal secretion. After Sauer, from Aletrner. 


The epithelium of the proximal convo- 
lution consists of one layer of truncated 
pyramidal cells. Their cytoplasm is abun- 
dant and stains deeply mth eosin; each 
cell contains a large, pale, spherical nu- 
cleus. Only tliree or four nuclei are usu- 
ally seen in a transection of the tubule. 
The limits between the cells are rarely 
seen because the sides of the cells are pro- 
J vided with grooves and ridges perpendicu- 
(lar to the basement membrane and inter- 
digitating with the same structures of the 
adjacent cells. 

In fresh condition the cells appear 
opaque and granular. They undergo post- 
mortem changes very rapidly and it is not 


The free surface of the cells lining the 
lumen is covered by a brush border (Figs. 
425, 426). The limit between the latter 
and the cytoplasm is marked by a layer 
of granules which in section appear as a 
darkly staining line. Under this line, 
above the nucleus, are a pair of centrioles 
and a Golgi net; in compensatory hyper- 
trophy of the kidney this organoid recedes 
to the infranuclear region. Tlie edges of 
the free sarlaces of the cells, under the 
brush border, are provided ^vilh a system 
of terminal bars. 

In the normal human kidney the epi- 
thelium of the proximal convolution does 
not contain lipoid inclusions. In palho- 



URINARY SYSTEM 


491 


collecting tubules the cells are cuboidal, 
sharply outlined, contain a darkly stain* 
ing round nucleus and have a very clear 
cytoplasm. The latter contains a few fine 
mitochondria and, at the surface, a pair of 
centrioles with a central flagellum. 

As the collecting tubules grow larger, 
the cells also grow higher, and finally 
acquire in the ducts of Bellini a tall cob 
umnar form. They are always arrangedin_ 


Renal Lohulc. Each renal lobule is com- 
posed of the gUnclular tissue surrounding a 
tnedullarr ray. Tbe slender, pyramidal form of the 
renal loliale and the presence of a medullary ray 
forming its core are the results of the straight, 
radial course of tlie collecting tubules, of the 
gradual increase of their branchings toward the 
capsule and of the accumulation of nephrons in 
the cortex. Each medullary ray contains several 
etraigiit collecting tubules, the loops of Henle, 
and the terminal portions of the proximal convolu- 
'^tion. It is surrounded by the convoluted portions 



Fig. 428. Section of a medullary ray from the kidney of Macacus rhesus. The organ vras fixed by 
perfusion — hence the slightly dilated condition of the tubules Iron-hemalox>lm stain. About 800 X- 


a very regular, single layer, with all the 
nuclei at one level and with the free sur- 
faces bulging slightly into the lumen, nte 
cytoplasm keeps its pale appearance. The 
centrioles remain at the free bulging sur- 
face. In the area cribrosa the simple col- 
umnar epithelium of the ducts of Bellini 
continues onto the surface of the papilla. 

The length of the collecting tubules is 
estimated at 20 to 22 mm.; the length of 
the nephron at 30 to 38 mm. 


of the tubules and by the renal corpuscles. At the 
apex of tbe lobule, v«h5cb reaches far into the 
papilla of the p)ramjJ, tbe coiJecting tubules 
begin to fu«e wub one another and finally open, 
«s tbe ducts of Bellini, on the area cribrosa, A 
large number of lobules form the Malpighian 
pyramid. 

A few authors believe that tho renal lobules 
center about the radial branches of the atciform 
artery extending toward the capsule of the organ. 
According to this view, the interlobular arteries 
are really intralobular arteries. In view of the 
embryonic development of the organ from a series 
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sudden. The epithelium becomes cuboidal 
and stains darker. Rod-shaped mitochon* 
dria cause a distinct perpendicular slria- 
tion of its basal part, where the cell boun- 
daries are not clearly seen. The superficial 
parts of' the cells, where granular mito- 
chondria occur, are, on the contrary, 
sharply outlined. The nucleus is spherical 
or slightly flattened. A pair of centrioles 
occupies the free surface and seems to be 
pro^'ided with a cenlraJ flagellum. 

The ascending limb of Henle’s lopp 
enters the cortical tissue, returns to the 
renal corpuscle of its nephron and at- 
taches itself to its vascular pole, particu- 
larly to the vas afferens with its juxta- 
glomerular cells. That side of the tubule 


the basal parts of the cells a more or less 
distinct slrialion can be seen; the limits 
of the cells are fairly distinct. Tlie cyto- 
plasm stains less intensely with acid dyes 
I than in the proximal convolution. In a cross 
section the cells are more numerous than 
in the latter ; instead of 3 to 4, 5 to 8 nu- 
clei can usually be counted. Each distal 
convolution continues by a short connect- 
ing tubule into one of the initial branches 
of the collecting tubules. 

Excretory Ducts or Collecting Tu- 
Imlcs. The connections of the collecting 
tubules with the nephrons are located in 
the cortex along a medullary ray and are 
called the “peripheral branchings” of the 
collecting ducts. From the medullary ray 



Fig. 427. Oblique section of the proximal (lliin) brancli of the loop of Henle; kidney of a cat. 
Cells witli liiglily serrated outlines; in some of them a diplosome is seen. Iron-hematoxylin stain. 
1270 Redrawn after Zimmermann. 


in contact with the vas afferens forms an 
elliptical disc of tall thin cells measuring 
40 by 70 ft in man. This area is called the 
macula densa. From here the loop grad- 
ually passes into the distal convolution. 

Distal Convolution. This portion of 
the tubule has many outpocketings and 
zigzag contortions; it usually forms a loop 
directed toward the periphery and above 
the corresponding renal corpuscle. Its 
length is estimated at 4.6 to 5.2 mm., its 
diameter at 20 to 50 n. 

In the distal convolution the epithelium 
is lower and the lumen is larger than in 
the proximal convolution. The free sur- 
faces of the cells show irregular projec- 
tions and are devoid of a brush border, 
but possess the usual pair of centrioles. In 


the collecting tubules pass radially inward 
d through the outer zone of the medulla 
without further fusions. When they reach 
' the inner zone, they fuse at acute angles 
with other similar tubules and this is re- 
peated seven times. These fusions or 
branchings are in the medulla near the 
pelvis and are called the “central branch- 
ings (or fusions),” Through the central 
fusions very large, straight collecting tu- 
bules are formed, the so-called papillary 
ducts (of Bellini), with a lumen measur- 
ing 100 to 200 fu They open on the area 
cribrosa on the apex of the papilla. 

The system of the intrarenal excreto’rj 
duels has a very typical epithelium, quite 
different from that of the various parts of 
the nephron (Fig. 428). In the smallest 
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the medullary rays — the lobules of the 
kidney — they are called interlobular artery 
ies. Those ivho hold that these arteries 
form the center of the renal lobule call 
them intralobular arteries. 

The interlobular arteries give off nu- 
merous smaller branches, each of which 
is the afferent vessel of a glomerulus. 
From the glomerulus the blood is carried 
away by the efferent vessel. The vas effer- 
ens breaks up into a network of arterioles 
which supply the convoluted uriniferous 
tubules of the cortex with blood. It is 


Malpighian pyramid. After having entered 
the medullary substance, they branch pro- 
fusely at acute angles and form a capil- 
lary nework with radially elongated 
meshes about the straight tubules. 

The existence of the so called “arleriolae rectae 
verae,” which are supposed to arise directly from 
the arcuate or the interlobular arteries and to 
enter the medulla, is denied by most investiga- 
tors. It has been claimed that apparently direct 
communications hetueen arterioles and venules 
may arise through partial obliteration of glom- 
eruli. 

The veins of the cortex arise from the capil- 


Fig 430. Section of rabbit kidney stained to show alkaline phosphata«e as black material, apparently 
limited to the proximal convolutions. 100 X- Courtesy of G. Gomori. 


probable that the efferent artery of a 
f glomerulus supplies much of the nephron 
' belonging to the same renal corpuscle. 

The tissues of the medulla and the med- 
ullary rays also receive their blood supply 
from the efferent glomerular arterioles. 
The medullary rays are supplied by the 
efferent vessels of the nearest glomeruli. 
The pyramids of Malpighi are supplied 
by the arleriolae rcclae spuriae which 
‘ arise as efferent vessels from the glo- 
nieruli near the medulla. The arleriolae 
rectae spuriae assume a straight, pelvip- 
etal course. This arrangement causes a 
radial striation of the outer zone of the 


lary networks in the outermost layers of the cortex 
through the confluence of radially arranged 
branches, which form the so-called stellate veins. 
These continue into interlobular veins, which 
follow the corresponding arteries and everywhere 
receive additional capillaries from the labyrinth. 
The interlobular veins fuse to form the large 
arcuate or arciform veins which run beside the 
arteries of the same name. In the medulla straight, 
radially arranged veins arise tvenulae rectae) 
which join the arciform veins directly. The latter 
fuse and form interlobar veins which accompany 
the large arteries and finally give rise to the 
renal vein. 

Lymphatics. Networks of lymphatic capil- 
laries are found in both the capsule of the kidney 
and in the glandular tissue. Both groups are con- 
nected by occasional anastomoses. The lym- 
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of Lrancliing ducts it seems best to consider the 
lobule as centering about these ducts rather than 
about the arterial tree. A similar problem is found 
in the determination of the hepatic lobule. 

Interstitial Connective Tissue. The inter- 
stitial connective tissue in the normal Kidney is 



Vrtcries and arterial cJi’iIlaries blacK, veins and 
venules double-contoured. 

very small in amount jn<) is of tlie reticular type. 
Its hranching fibers, accomiuniecl bv a few fibre- 
t blasts and fixed macrophage-, form networks in 
I the narrow spaces betucen tlie convoluted and 
straight tubules. Tlie fibers are especially numer- 
ous and thick in tlie apex of the pyramids, where 
most of them are arranged concenlricallv around 
the ducts of Bellini and are embedded in an 
abundant, amorphous ground substance. 

Thick, collagenous fibers arc found only in the 


adventitia of the larger blood vessels. A few 
collagenous fibers surround the capsules of Bow- 
man and the larger papillary ducts. Elastic fibers 
are absent except in the walls of the blood ves- 
sels. In old age the amount of collagenous tissue 
in llic kidney may increase considerably through 
a transformation of the reticular fibers. 

nasement Membraiie. The epithelium of the 
nephron and of the excretory ducts rests upon 
a well developed basement membrane which is 
hyalin in its central part. It is found in the 
renal corpuscle where it separates the endo- 
thelium of tiie capillary loops from tlie “visceral" 
epithelial layer (Fig. 422) and also lies beneath 
the parietal eplllielium. In the proximal convolu- 
tion the hyalin membrane is particularly thick. 
Its inner surface, to which the bases of the 
epithelial cells are attached, is provided with 
numerous, small, circular ridges. The interstitial 
reticular fibers fuse with the outer surface of 
the membrane. 

Blood Vessels of the Kidney. Prac- 
tically all of the arterial blood of the kid- 
ney passes through tlte glomeruli before 
being distributed to the rest of the organ 
(see Figs. 421, 429). 

'The renal artery enters the hilus of the 
kidney and divides into two sets of prin- 
cipal branches, a ventral and a dorsal. 
The first set has a wider distribution in 
the organ than the second. These principal 
branches of the renal artery are “end ar- 
teries** and are not connected by large 
anastomoses. In the fat tissue surrounding 
the pelvis they branch into interlobar nr- 
teries; these are in the columns of Berlin 
between the Malpighian pyramids or 
lobes of the kidney. 

'The interlobar arteries break up into 
brandies which run approximately par- 
allel to the surface of the kidney at the 
limit beliveen the bases of the pyramids 
and the cortex. Tliey have a more or less 
arched course (arterial arcades) with the 
convexity directed toward the periphery 
of the organ. They are called areijorm or 
arcuate arteries. At more or less regular 
intervals they give off smaller branches 
which run radially to the surface of the 
kidney. Since these radial branches are 
located in the cortical substance between 
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Phenol red has been observed to be elimi- 
nated by the proximal convolution in liv- 
ing frogs; the same part of the nephron 
in cultures from a human fetus of three 
I and a half months secretes this indicator 
if it is added to the medium while the ep- 
ithelium of the rest of the tubules does 
not. 

As certain poisons more or less selec- 
tively affect particular portions of the 
proximal convolution, and as certain dyes 
and iron salts are eliminated in greater 
amounts in some parts of this segment of 
the nephron than in others, it is probable 
tliat different parts of the proximal con- 
volution have different functions. 

Richards and his co-workers have stud- 
ied the functions of the various segments 
of the tubules by direct methods in the 
frog and salamander. Tubules were punc- 
tured at various levels and fluid removed 
for analysis, and fluid of known composi- 
tion was perfused through a part of the 
tubule between two micropipeltes. It was 
Found that osmotically active constituents 
of the urine, chiefly sodium and chloride, 
are reabsorbed in the distal portions of 
the tubule, where acidification of the urine 
also lakes place. Reabsorption of glucose 
takes place in the proximal portion in 
Necturus. Walker, Oliver and co-workers 
have begun similar studies on rat and 
guinea pig kidneys and found that reab- 
sorpiion of reducing substances, creati- 
nine and water from the glomerular filtrate 
takes place isosmotically in the proximal 
convolution. It also appears that the for- 
mation of hypertonic urine occurs in the 
djsial part of the distal convolution 
through reabsorption of water. 

Modern study of renal function has 
been greatly aided by the discovery that 
inuUn, a complex carbohydrate, is filtered 
through the glomeruli in the same con- 
centration as in the plasma, and is neither 
excreted by nor reabsorbed from the tu- 
bules. The inulin clearance, expressed as 
the number of cubic centimeters of plasma 


cleared of inulin per minute, gives a meas- 
ure of glomerular filcration, and also a 
standard of comparison for other sub- 
stances, by which it may be determined 
whether they are reabsorbed from or ex- 
creted by the tubules. Moreover, since 
diodrast, an organic iodine compound, 
when introduced into the blood in mod- 
erate concentrations, is completely re- 
moved from the blood chiefly by tubular 
excretion, during a single passage of the 
blood through the kidneys, the diodrast 
clearance gives a measure of the flow of 
blood through the kidney. When diodrast 
is present in the blood in concentrations 
too great to be removed from the plasma 
in a single passage through the kidneys, 
the clearance of this substance gives the * 
maximal rate of tubular excretion and can ‘ 
be interpreted as a measure of tubular ex- ‘ 
cretory mass. 

Application of these methods for the 
study of renal function to normal and 
pathological kidneys is actively in prog- 
ress. It is now established, for example, 
that creatinine, while neither excreted nor 
reabsorbed in the tubules in the dog and 
certain other species, is excreted into the 
tubules in man, and that urea is lost from 
the tubules, largely by passive diffusion 
into (he capillaries. 

A substance called renin has been ex* 
tracted from the mammalian kidneys and 
found to have the property of raising the 
general arterial hlood pressure. The rela- 
tion of this material, and of substances 
whicli inactivate it, to hypertension is the 
subject of active study. Goldblatt sum- 
marizes the situation as of 1947 as fol- 
lows; “/Jenin, an enzyme from the kidney, 
enters the blood stream through the renal 
vein, and acts upon kypcrtensinogen, a 
globulin in the blood plasma, to form 
hypertensin, a polypeptide, ^vhich is the 
active vasoconstrictor substance, and 
which can be inactivated by hyperiensin- 
ase, an enzyme in the blood and in ex- 
tracts of some organs.” It is claimed that 
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phatics oj the capsule join ihc lymph \’essels 
of the neighboring organs. The l)'niph capillaries 
in the glandular tissue form dense networks be- 
tween the uriniferous tubules, especially in the 
Cortex. They pass into Ijmphatics which accom- 
pany the larger blood vessels and leave the 
kidney at the hilus. They are not present in the 
glomeruli or medullary rajs. 

Nerves. Macroscopic dissection shows that the 
sympathetic celiac plexus sends many nerve 
fibers into the kidney. Their distribution in this 
organ has not been worked out satisfactorily. 
It is relatively easy to follow nonmyelinated 
and myelinated fibers along the course of the 
larger blood vessels. They provide the adventitia 
with sensory nerve endings and the muscular coat 
with motor endings. Along with the affetenl 
arterioles, nerve fibers may reach the renal cor- 
puscles and some of them seem to form end 
branches on their surface. The nerve supply of 
the uriniferous tubules, however, has not been 
clearly demonstrated. Some investigators describe 
plexuses of fine nerve fibers which surround and 
seem to penetrate the basement membrane. On Us 
inner surface they are supposed to form another 
plexus from which terminal branches arise to 
end with minute end knobs betneen tiie epithelial 
Cells. 

Hislopliyslologic Reraarics. The kid- 
neys in elaborating the urine eliminate 
water and some of the substances dis- 
solved in the blood, With few exceptions 
they do not produce new material. In ad- 
dition to the excretory functions of the 
kidneys, by which they dispose of waste 
products and substances foreign to the 
organism, they have equally important 
conservative functions by which they re- 
tain the necessary amounts of water, elec- 
trolytes, and other chemical substances in 
the body, while permitting any excess of 
these substances to be eliminated. By 
means of these latter functions they play 
a large part in the maintenance of the con- 
stancy of composition of the internal en- 
vironment of the organism in the sense of 
Claude Bernard. 

Two conclusions may he deduced safely 
from the structure of the organ: One is 
that the Malpighian corpuscle must act as 
a filtration apparatus with a high pressure 
in the capillaries. Tlie other is that differ- 


ences in structure of the several parts of 
the tubule must reflect differences in func- 
tion. 

Owing primarily to the brilliant experi- 
ments of Richards and his co-workers, it 
is now well established that the fluid aspi- 
rated from tlie glomerular space (with 
the rest of the nephron carefully blocked) 
in the living frog is identical in composi- 
tion with the plasma except for the 
absence of fats, plasma proteins, and sub- 
stances combined ^vith these large mole- 
cules. This fluid contains water, phos- 
phates, reducing substances, creatinine, 
uric acid, urea, and chloride; certain dyes 
are also found in this fluid after their in- 
troduction into the animal. That the glom- 
erulus functions as an uUrafilter in mam- 
mals. including man, is supported by less 
direct but no less convincing evidence 
Tlie passage of fluorescin and aesculin 
from the blood stream into the capsular 
space has been observed with the aid of 
ultraviolet light. Intravenously injected 
potassium ferrocyanide and uric acid can 
be demonstrated in the capsular space, but 
when injected into rabbits whose blood 
pressure had been lowered beneath the 
osmotic pressure of the blood neither of 
these substances is found within the neph- 
ron. 

The observation that the circulation of 
blood may cease from lime to time in par- 
ticular glomeruli, although questioned re- 
cently, is probably correct. 

Jt is also U’ell established for a wide 
variety of animal forms that the renal tu- 
bules have hoth excretory and absorptive 
functions. That the tubules reabsorb cer- 
tain substances, such as glucose, is shovra 
by the fact that these substances are pres- 
ent in the glomerular filtrate in the same 
concentration as in the plasma, but are 
absent from the urine. There is now ade- 
quate evidence that tubular excretion 
plays an important part in the excretion 
of such substances as indigocarmin, phe- 
nol red, diodrast and creatinine in man. 
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sue. The upper part of the bladder is cov« 
ered by the serous membrane of the peri- 
toneum. 

Although of mesodermal origin in the 
ureter and of entodermal in the bladder, 

^ the lining of the mucous membrane in all 
* tbe parts just mentioned is the tame 
“transitional” epUbeliuin. In the calyces 
it i» 2 to 3 cells thick, in the ureter 4 to 5» 
in the empty bladder 6 to 8 cell laj-ers are 
seen. In the contracted condition of the 
wall of the visciis, the epithelium is thick 
and its cells are round, or c%en columnar 
or club-shaped. In the distended condition 
the epithelium is thin and tbe cells are 
greatly flaltencd and stretched parallel to 
the surface. Scattered lymjdioid cells mi- 
grate between the epithelial cells. Owing 
In the similarity of t))e cpitlteliai structure 
in these parts of the excretory tract, no 
conclusions can be drairn on the exact ori- 
gin of epithelial cells found in tlje urine. 

The cpithebum lining the excretory pas- 
sages seems to be impermeable to the nor- 
mal, soluble substances of the urine. If the 
\jscus Is damaged this property inar, of 
course, be greatly altered. iutra'epuheUal 
cysts — round or oval cavities filled with a 
peculiar colloidal subslance-'-oftcn de- 
t elop in the epithelium of the ureter and 
bladder. No true glands axe present m the 
taljces, the pehis, and the ureter; glands 
may be simulated here by small solid nests 
of epithelial cells located in the thtekne's 
of (he epithelial sheet. In (he urinary 
bladder, however, and in tbe vicinity of 
the internal urethral orifice, small, some- 
tones branched mvaginabons of the ep- 
dliphum into the subjacent connective 
(issue can be found. They contain numer- 
ous clear mucus-secretmg cells and are 
similar to the glands of Littre in the ure- 
thra. 

j No distinct basement membrane be- 
lucen the cipthehum and the lamina pro- 
pria can he d/scerned. 71te connertue tis- 
sue of the latter, esjwcially in the ureter, 
forms Ihin folds which may {lenetcate deep 


into tlie epithelium. The blood capillaries 
■which they contain sometimes lie deep in 
the epithelial sheet. 

The dense connective tissue of the mu- 
cous membrane generally does not form^ 
any papillae. It contains elastic rselsvorks ‘ 
and sometimes small lymphatic nodules. 
Its deeper layers have a looser arrange- 
ment and therefore the mucous membrane 
in the empty ureter is thro\vn into several 
longitudinal folds, which cause a fes- 
tooned appearance of the edge of the lu- 
men in cross sections (Fig. 431). In the 
bladder the deep looser layer of connec- 
tive tissue is especially abundant, so that 
in the contracted condition of tbe organ 
the mucous membrane forms numerous, 
thick folds. In some places a thin layer 
of smooth mu.scJe fibers seems to divide* 
the connective tissue into a superficial < 
lamina propria and a deeper submucous 
loj-er. 

Tbe muscular coal of the urinary pas- 
sages generally consists of an inner Imtgi- 
ludmal (Fig. 431, ihM) and on outer 
circular layer; beginning with tbe lower 
third of (he ureter, a third external longi- 
tudinal layer is added, uhich is especially ^ 
prominent in the bladder. In contrast to 
ihe intestine, tbe smooth muscles in the * 
urinary passages do not form regular 
layers, but appear as loose, anastomosing } 
strands, separated from one another by 
abundant connective tissue and elastic net- 
works, which continue into the lamina 
propria mucosae. 

In the small calyces, which are hollow 
cones capping the papillae of the pyra- 
mids, the strands of the inner longitudinal 
oiascle layer end at the attachment of the 
calyx to the papilla. The outer circular 
strands reach higher up and form a mus- 
cular ring around the base of the papilla. 

Tlie calyces show periodic contractions 
movii^ from their base to their apex. 
Tltis muscular activity help? to move the 
urine out of the papillary duct? into the 
calyces. The muscular coat of the ureter 
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the juxtaglomerular cells of the vas affer- 
ens undergo a rapid hyperplasia and elab- 
oration of granules after partial clamping 
of the renal artery in rabbits and dogs, a 
'procedure ivhich results in an increased 
^ blood pressure. It has been suggested that 
these cells secrete a substance concerned 
ivith the maintenance of the increased 
arterial tension. But Selye and Stone be- 


to tlie outside. No appreciable changes in 
the composition of the urine occur in 
these passages except a slight admixture 
of mucus. In the uriniferous tubules no 
muscular elements are found. The waits 
of the excretory passages are provided 
with a well developed coat of smooth mus- 
clej its contractions move the urine for- 
ward. 



Fig. 431. Cross section of o markedly contracted ureter of a man; A, Arteries; AH, adventitial 
conneeuxe tissue: ALM, externai lonsitirdwa} aiufcJe bandies: S, iamma propnai CM, circular 


muscle bundles; E, deep l3)er of tltc epiilielium. 
Lundies; OE, superficial epithelial cells; 1', veins. 

heve the hypertensive materials are se- 
creted by the tubular epithelium since the 
juxtaglomerular apparatus often disap 
peared completely in the kidney of rals 
after partial clamping of the renal arler>\ 

ExenETony passages of the 
KIDNEY 

The excretory passages convey the 
urine from the parenchyma of the kidnev 


F, fat tissue; ILM, internal longiludinal muscle 
30 X- After Schaffer. 

The calyces, the pelvis, the ureter, and 
the bladder all have a similar structure, 
although the thickness of the wall grad- 
ually increases in the sequence indicated. 
The inner surface is lined with a mucous 
membrane. Tliere is no distinct submu- 
cosa in man and the lamina propria of the 
mucosa (Figs. 431, 433) is attached to 
the smooth muscle coal, which is covered 
by an adventitial layer of connective tis- 
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cells o{ which they form free end branchings 
provided with varicosities. 

URETHRA 

Male Urethra. The male urethra has a 
length oi IS to 20 cm. Three parts can be 
distinguished in it. The proximal, short 
part, surrounded by the prostate, is the 
pars prostatica {Fig. 438). Here the pos- 


nosum penis. The third stretch, the pars 
cavernosa, about 15 cm. long, passes 
lengtliwise through the corpus cavernosum 
of tlie urethra. 

The prostatic part is lined by the same 
"transitionar’ type of epithelium as the 
Madder. The pars mcmbranacea and the 
pars cavernosa are lined by a stratified 
or pseudostratified columnar epithelium. 



Fig. 433. 'Wall ol human urinary bladder in contracted condition Capillaries penetrate the epithelium. 
150 X. <A.AM.) 


lerior wall of the urethra forms an eleva- 
tion, the colliculus seminahs On its sur- 
face in the middle line the vesicula 
prostatica opens; to the right and to the 
left of this the two slitlike openings of the 
ejaculatory ducts and the numerous open- 
ings of the prostatic gland are located 
(p. 530). The second, also very short part 
(18 mm. long), the pars memhraziacea. 
urethrae, stretches from the apex of the 
prostate to the bulb of the corpus caver- 


Patches of stratified squamous epithelium 
are common in the cavernous parts; in 
Uie terminal enlarged part of the canal, 
live fossa navicularis, stratified squamous 
epithelium occurs as a rule. In the surface 
epithelium occasional mucous goblet celb 
may be found. Intraepithelial cysts con- 
taining a colloid-like substance are of 
eotntnon occurrence. Lymphocytes migrat- 
ing through the epithelium are rare. 

The lamina propria mucosae is a loose 
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also performs slow peristaltic movements. 
Tlie waves of contraction proceed from 
the pelvis toward the bladder. 

As the Ureters pierce the wall of the 
bladder oblique!}', their openings are usu* 
all)' closed by the pressure of the contents 
of the bladder and are open only when the 
urine is forced through them. A fold of 
the mucous membrane of the bladder acts 
as a valve and usually prevents the back* 
flow of the Urine. In the “intramural” part 
of the ureters, the circular muscular 
strands of their Avail disappear and the 
connective tissue of the mucous membrane 


gone, thin, dense Lundies of smooth mus- 
cle form a circular mass around the inter- 
nal opening of the urethra — the internal 
sphincter of tlie bladder. 

DIood Vessels and IVer>es. The blood ves- 
sels of the excretory passages penetrate first 
llirougli tlie muscular coat and provide it witb 
capillaries; then they form a plexus in the deeper 
layers of the mucous membrane. From here small 
arteries mount to the surface and form a rich 
capillary plexus immediately under the epithe- 
lium. 

The deeper layers of the mucosa and the mus- 
cularis in the pelvis and the ureters contain a 
well developed network of lymph capillaries. In 



Fig 432. Low poner view of contracted urinary bladder of flfacacus r/iesus. 


t is occupied by longitudinal muscular 
« strands whose contraction opens the lu- 
men of the ureter. 

The muscular coat of the bladder is 
very strong. Its thick strands of smooth 
muscle cells form three layers, which, 
however, cannot be distinctly separated 
from each other. The outer longitudinal 
layer is developed best on the dorsal and 
ventral surfaces of the \iscus while in 
other places its strands may be wide apart. 
The middle, circular, or spiral layer is 
the thickest of all. The innermost layer 
consists in the body of the bladder of rela- 
tively rare, separate, longitudinal or 
oblique strands. In the region of the tri- 


thc bladder tJjey are said to be present only in 
the muscularis. 

In the adventitial and muscular coats of the 
ureter neexe plexuses, small ganglia and scattered 
nerve cells can be found Most of the fibers sup- 
ply the muscles; some fibers of apparently efferent 
nature have been traced into the mucosa and 
the epitbelium. 

A sympallietic nerve plexus the plexus ves 
iealis, in the adventitial coat of the bladder i» 
formed in part by the pelvic nerves which origi- 
nate from the sacral nerves, and in part by the 
branches of the plexus hypogaslricus. The vesical 
plexus sends numerovi nerves into the muscular 
coat A continuation of the nerve plexus, seem- 
ingly without nerve cells, however, is found m 
the connective tissue of the mucous membrane 
Here the sensory nerve endings are locafeih Many 
fibers penetrate into the epithelium. belHeen the 
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The lamina propria, devoid of papillae, 
is a loose connective tissue vith abundant 
elastic networks. It is provided with a 
highly developed system of venous plex- 
uses and has, therefore, a cavernous char- 
acter (corpus spongiosum). 

The mucous membrane with its veins is 
surrounded by a thick mass of smooth 
muscles; the inner layers of the latter 


outgrowth of the ixolfSan duct, in much the same 
tnanner as other epitlielial glands develop. This 
outgrowth grows forward in the mesenchyme as 
the pnotoniium of the ureter and of the renal 
pelvis. It forms four hranches— the primordia 
of the calyces, which end blindly in club-shaped 
dOatalions, each of winch forms secondary, ter- 
tiazy, etc., branches — the collecting tubules of 
various orders. 

In human embryos of 7 mm. the metanephric 
blastema adliercs to the wall of •’ vied pelvis 



Fig 435 Urethral gland (gland of Uttre) from the pars cavernosa nretlirae of man: a, Darkly 
staming. straufied columnar epjtheham, i, epithelium with clear cells; m, outpocketmgs wjtb 
clear mucous cells; 6v, blood vessels. 187 X, teduced to 9/10. (AA.M.) 


ha\e a longitudinal, the outer layers a cir- 
cular arrangement. Distally the smooth 
muscles are strengthened by a striated 
. muscle sphincter. 

IlistogciiHs of the Kidney. The independ- 
ent orjgin of ihe nephrons and the collecting 
tubules in the embryo has been mentioned. The 
nephrons develop through differentiation of a 

compact, iBcsencinmc-JAeljssue, the melanephne 

hlratema^ which arises from tiie mesoderm. The 
system of excretory ducts arises as a hollow 


pnmordtum and appears in sections as a semi- 
lunar cap. As the branches of the pelvis form, 
the metanephric cap separates into a piece for 
each branch (human embryos of 95 mm ), so 
that tile ampullar dilatation of each branch car- 
afes Its own metanephric cap. 

In human embryos 13 to 19 mm. in length, ihe 
edges of the cap cmering each blind end of the 
collecting tubules swell and glide down its sides. 
As the ampB)}s diy/des diehoteitMissIy die uteta- 
uephrogenic cap is divided equally between the 
two new ampullae. 
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connective tissue with abundant elastic 
networks; no separate submucous layer 
can be distinguished. This connective tis- 
sue contains numerous scattered bundles 
of smooth muscle, mainly longitudinally 
directed. In the outer layers, however, cir- 
cular bundles are also present. The lam- 
ina propria has no distinct papillae; (he 
latter appear only in the fossa navicularis. 
The membranous portion of the urethra 
is surrounded by a mass of striated mus- 
cle, a part of the urogenital diaphragm. 


surface of the mucous membrane, but in 
many places this epithelium is trans- 
formed into compact intra-epilhelial nests 
of clear cells, which give the reaction of 
mucus. In old age some of the recesses of 
the urethral mucosa may contain concre- 
tions similar to those of the prostate. 

The deeper venous plexuses of the urethral 
mucosa in the pars cavernosa gradually merge 
into the cavernous spaces of the spongy bo3) 
(p. 537). Numerous sensory nerve endings are 
present in the urethral mucous membrane. 


n 



Fig. 434. Section of the cavernous part of the male human urethra: L, Lacuna; gl, intra-epithelial 
group of glandular cells, v, veins; art, artery; n, encapsulated sensory nerve ending. 187 X. reduced 
to 9/10. (A.A.M.) 


The surface of the mucous membrane 
of the urethra shows many recesses, the 
lacunae of Morgagni. These oulpockelings 
continue into deeper, branching tubules, 
the glands of Littre (Fig. 435) ; the larger 
ones among them are found especially on 
tbe dorsal surface of the cavernous por- 
tion of the urethra. They run obliquely in 
the lamina propria and are directed with 
their blind end toward the root of the 
penis; they sometimes penetrate far into 
the spongy body. The glands of Littr^ 
are lined with the same epithelium as the 


Fenjolc Urethra. The female urethra 
is 25 to 30 mm. long. The mucous mem- 
brane forms longitudinal folds and is 
I lined with stratified squamous epithelium; 
jin many cases, however, pseudostratified 
columnar epithelium can be found. Nu- 
merous invaginations are formed by the 
epithelium; the outpocketings in their 
wall are lined in many places with clear 
mucous cells, as in the glands of Littre 
of the male urethra. The glands may ac- 
cumulate colloid material in their cavities 
or may even contain concretions. 
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Cameron and Chambers (1938) and Fiexntft 
(1938). 

The terminal branches of the cohectJng tubules 
and the nephrons inay somelimea miss each other 
and remain disconnected. In such cases the con* 
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Fig 437, Diagram of the deseloptnenl ol the metancpbtos; a, hletanephrogenic tissue capping 
the ampviilaof the collecting tubule; b, T-sliaped branching of iht growing end of a collecting tubule; 
c, enlarged bhnd end of same (ampulla) ; d, prunordmm of uriniferous tubule just formed {tom the 
nieianephrogenic tissue; e, sessel whi«;}i forms the glomerulus, /, capsule of Dowman cut open; g, 
unniferous tubule in later stage of development; 6, coUectiug tubule; i, cross section of same, A, con- 
nective tissue; i, urinjfcTous tubule before the ^tablishmeni of a connection with the collecting 
tubule; rrt, ampulla of coHeciing tubule out open; ». primordium of uriniferous tubule ]ust separated 
from metanephrogenic tissue; o, newly formed urimferous tubule which baa just become connectetl 
witii collecting tubule (stage immediately foBowiitg /) ; p, spoon shaped enlargement of the blind 
end of a unniferous tubule — capsule of Bowman; o. pnmordrum of uriniferous tubule just separated 
from metanephrogenic lusue (same a* n), eat open, DfodiRed after Corning. 


voluted tubules inlb their renal corpuscles con- 
imue for some lime to claboraie urine «nd. hav- 
ing no outlet, sre gradually transformed mto 
evsts. The cystic kidney is a not uncotffnton ab- 
woiroalUy of dev elopTnent. 


Bensley, R. R . and Hensley, R D ; The Siruc- 
lure of the Renal Corpuscle, Anat. Rec , (471 , 
1 17 . 1930 . 

Chambers, R., ant! Kempton, R. T.; Indications 
of FanClion of the Chick Mesonephros in Tsa* 
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The roundish, compact melanephric body soon 
acquires an eccentric lumen around which its 
cells become radially arranged; it is now called 
the metanephric vesicle. Next it stretches and is 
transformed into an S-shaped tubule which 
grows rapidly in length and becomes torlnous. 
It is the future nephron. One end of it coalesces 
with and opens into the neighboring collecting 
tubule. The other end enlarges, flattens slightly 
and is invaginated by a tuft of capillaries from 
a branch of the renal artery. In this way the 
Malpighian or renal corpuscle is formed with its 


is much thicker than the parietal. Later both 
layers become simple squamous epithelia. Soon 
after tlie S-shaped tubule of the nephron be- 
comes connected with the collecting tubule, the 
histologic di/Terentiation of the different parts of 
the nephron begins. The proximal part, adjacent 
to the capsule, becomes tortuous and its epithe- 
lium develops a glandular chataeVer, inortasts in 
height, and its cytoplasm stains with acid dyes. 
The following stretch of the tubule forms a loop, 
which slips out of the coils formed by the con- 
voluted tubule and extends toward the renal 



Fig. 436. Cross section through the urethra of a woman: L, Lumen; d, glandlike lacuna; e, epithe- 
lium; m, cross striated muscle bundles of the urethral muscle; s, lamina propria with small and 
large veins, v (corpus spongiosum). The darker portions of the lamina propria are smooth muscle 
bundles. 10 X. After v. Ebner, from Schaffer. 


capsule and glomerulus. In the meantime the 
collecting tubules continue to grow toward the 
periphery and to branch dichoiomously, sliU 
keeping their metanepbrogen/c caps. 

Succeeding generations of nephrons with their 
renal corpuscles are added to the branching tree 
of the collecting tubules, until the whole meta- 
nephric blastema is exhausted. This continues 
in the human fetus throughout the latier period 
of intra-oterine life and comes to its end six or 
eight days after birtlu 

When the glomerulus invaginates the wall of 
the capsule of Bowman the visceral epithelium 


pelvis. It is forced out of the tubular convolute 
surrounding the renal corpuscle because the 
initial part of the future distal convolution early 
becomes attached to the glomerulus and conse- 
quently cannot be removed from tin’s place as 
the nephron grows in length. The epithelium of 
the collecting tuhules soon acquires its typical 
clear appearance; this differentiation begins in 
the deeper parts, >vhich are nearer to the pelvis, 
and gradually extends peripherally. The evi- 
dences of beginning function in the developing 
embryonic mammalian kidney have been studied 
experimeniallv by Gersh and Flexner (1937), 



Chapter XXIV 


MALE GENITAL SYSTEM 


The male reproductive system consists of 
the testes, a complex system of excretory 
ducts oith their auxiliary glands, and the 
penis. 

THE TESTIS 

The testis is a compound tubular gland, 


lend radially to the capsule and divide the 
organ into about 250 conical compart- 
ments, the lobuU testis, ohich converge 
with their apices toward the mediastinum. 
As the septula are interrupted in many 
places, the lobules intercommunicate, 
especially in their peripheral portions. 
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Fig. 438. Diagrammatic meiiian section of male setual apparatus. Redrawn from Eberth, slightly 
modified. 


surrounded by a firm, thick white capsule, 
the albuginea testis — a typical fibroas 
membrane (Fig. 439). At the posterior 
edge of the organ, the thickening of the 
capsule projects into the gland as the 
mtdiastinum testis. From the nrediastt- 
num thin partitions, the septula testis, ex- 


The cavity of each lobule contains the 
terminal portions of the seminiferous tu- 
bules. These tubules are 30 to 70 cm. Jong 
and ISO to 250 p in diameter. Their com- 
bined length in man is estimated at 250 
meters. One to three -of them occupy a 
lobule. Tliey haie an extremely tortuous 
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Chapter XXIV 


MALE GENITAL SYSTEM 


The male reproductive system consists of 
the testes, a complex system of excretory 
ducts with their auxiliary glands, and the 
penis. 

THE TESTIS 

The testis is a compound tubular gland. 


tend radially to the capsule and divide the 
organ into about 250 conical compart- 
ments, the lobuli testis, which converge 
rvilh their apices toward the mediastinum. 
As the septula are interrupted in man} 
places, the lobules intercommunicate, 
especially in their peripheral portions. 
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Fig. 438. Diagrammatic median section of male sexual apparatus. Redrawn from Eberth, slight!} 
modified. 


surrounded by a firm, thick while capsule, 
the albuginea testis — a typical fibrous 
rnembrane <Fig. 439). At the posterior 
edge of the organ, the thickening of the 
capsule projects into the gland as the 
mediastinum testis. From the mediasti' 
num thin partitions, the septula lestts, ex- 


The cavity of each lobule contains the 
terminal portions of the seminiferous tu- 
bules. These tubules are 30 to 70 cm. lonf^ 
and 150 to 250 p in diameter. Their com- 
bin«l length in man is estimated at 250 
meters. One to three -of them occupy a 
lobule. They have an extremely tortuous 
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course, rarely brancli, and are called the testes are suspended in the scrotum by llie 
convoluted semimicrom tubules (Fig. spermatic cords. Each of these comarns 



Fig. 439. Crohs section of Iitiman lestls with its envelopes. 2 X» After Eliertli. 
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Fig 440. Diagram of the arrangement of tlie seminiferous tubules and the excretory ducts in the 
testis and ^pididymi? jc . Communication betneen seminiferous tubules of different lobules 

440) . The tubules in adjacent lobules may the excretory duct {ductus deferens), 
be connected by loops. The spermia are blood vessels and nerves supplying the 
formed in the convoluted tubules. The testis on that side of the body. The epi* 
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didyinis, an elongated body attached to 
the posterior surface of the testis, contains 
the proximal parts of the excretory duct 
system of this organ. 

The anterior and lateral surfaces of each testis 
and epididymis are surrounded by a cleftlike 
serous easily, a detached part of the peritoneal 
cavity, in the dorsal rvall of which the testes 
develop in the embryo before descending into 
the scrotum. The wall of this cavity, the tunica 
vaginalis propria testis, comprises an outer pari- 
etal, and an inner visceral layer. At the posterior 
edge nf the testis, where the epididymis is at- 
tached and the blood vessels and nerves enter the 
organ, the parietal layer is refiecled into llie 
visceral layer. After removal of the parietal layer, 
the visceral coat covering the testis appears as a 
free, smooth surface. It is lined with mesothelium. 
This is the remnant of the germinal epithelium 
which covers the surface of the pnmordium of 
the gonad in the embryo and gives rise to the 
glandular tissue of the testis. The tunica vaginalis 
propria enables the testis, which is very sensitive 
to pressure, to glide freely in its envelopes. Ob- 
literation of the serous cavity of the tunica 
vaginalis causes atrophy of the testis. 

SEMINIFEROUS EPITHELIUM 

In the adult the convoluted seminifer- 
ous tubule is lined by the complex sem- 
iniferous epithelium with its two kinds of 
cells. The first are nutrient and support- 
ing elements — the sustentacular cells {of 
Sertoli) . The others, forming the vast 
majority, are the sex {germ or spermatO' 
genic) cells, which, through proliferation 
and complex transformations, furnish the 
mature spermia. 

Cells of Sertoli. In a tubule with ac- 
tive spermatogenesis the Sertoli cells are 
slender, pillar-Hke elements perpendicu- 
lar to the basement membrane to which 
they are attached. They are separated 
from one another at fairly regular inter- 
vals by the densely crowded spermato- 
genic cells (Fig. 442). 

The outlines of the sustentacular cells 
cannot he seen distinctly and there is a 
widespread opinion that the spermato- 
gcnic cells are embedded in a continuous 

Sertolian syncytium.” However, in sec- 


tions parallel to the basement membrane, 
the bases of the Sertoli cells are sometimes 
seen as distinctly outlined, polygonal 
areas. In pathologic conditions, when the 
spermatogenic cells degenerate and dis- 
appear to a large extent, the lumen of the 
depleted seminiferous tubules appears sur- 
rounded by a loose protoplasmic network 
with scattered Sertoli nuclei (Fig. 441). 
and the few spermatogenic cells which 
escaped destruction. Occasionally a Ser- 
toli cell may round ofT and float freely in 
the enlarged lumen where it may phago- 
cylose degenerating spermatogenic cells or 
spermia. 

The characteristic nucleus of the Ser- 
toli cell has an oval shape and an average 
size of 9 by 12 p. In the human testis it is 
usually at some distance from the base- 
ment membrane vvith its long axis directed 
radially. The membrane of the Sertoli nu- 
cleus is usually wrinkled and the folds 
often extend deep into the interior of the 
nucleus (Fig. 443). This is probably not 
a sign of amitotic division. The vesicular 
nucleus is in striking contrast to the nuclei 
of the spermatogenic cells. The nucleus 
contains a large, compound nucleolus 
which consists of an oval, central, acid- 
ophil part and of 1 to 3 small, round, 
basophil granules. 

The cytoplasm of the Sertoli cells in 
fixed preparations has a loose reticular 
structure. It contains small mitochondria, 
wavy fibrils, granules staining with iron 
hematoxylin, and lipoid droplets which 
cause the brown color of the sectioned 
surface of the fresh testis and are sup- 
posed to be an evidence of the nutrient 
activity of these cells. In the human testis 
eacli Sertoli cell contains one spindle- 
shaped crjstalloid near the nucleus. 

At certain periods during spermato- 
genesis, the Sertoli cells enter temporarily 
into an intimate connection with the de- , 
veloping spermatogenic cells adjacent to 
the basement membrane. 

Under normal conditions the Sertoli 
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cells are never seen to divide either mitot- css oi spermatogenesis. In the first phase, 
ically or amitoticnlly. They arc highly spcrmatocylogencsis, the germ cells un- 
'resistant toivard various noxious laclors dergo repeated mitoses and certain sirac- 



Fig. 441. Portion of a se>en months’ coptorchid testis of an adult guinea pig which had been 
stained vitally with liihium carmine several days before death. The spermalogenic cells have disap- 
peared and the tubules are filled with a sjncytium of Sertoli cells (Sc) ; the interstitial cells HO 
have increased in number and do not store cannine; Cap. capillary: Fibr, fibroblasts; LKc, Ieukoc>tes; 
Lmc, lymphocyte; Mes, undilTcrentiated mesenchymal cells; Mon, monocyte; Plb, polyblasts storing 
carmine; Ue, transition from mesenchymal cells to interstitial cells. Hematoxylin stain. 490 X* -After 
Esaki. 

which easily destroy the spermalogenic tural changes, and give rise to a new type 
cells. of cell (spermatid) which contains only 

5pcrmnfogenesi5. General i?c- one half the somatic chromatin mass in its 
marks* There are two phases in the proc- (haploid) nucleus and is unable to ditide 
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In the second phase, spermiogenests, the 
spermatids undergo a series •'of complex 
transformationb which result in the forma- 
tion of the mature sperpiia or spermatozoa 
(see Fig. 450). They do not resemble 
other cells of the organism and have spe- 
cific forms for different species. 


of divisions is not knoum. This first step 
in spermatocytogenesis is the period of 
proliferation. During this stage some of 
the spermatogonia remain unchanged and 
keep their position along the inner surface 
of the basement membrane. They are the 
source of the countless spermia produced 
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Fig. 442. Human lestis (from operation). The transectjons of the tubules sho»v various stages of 
spermalogeoesis. 170 X- (A.A.M ) 


As a rule the earliest generations of 
spermatogenic cells are near the basement 
membrane of the seminiferous tubule 
"bile the more mature forms line the lu- 
men. The cells from vhich spermato- 
genesis starts are called spermatogonia. 
Tliej divide mitoticaily, but the number 


in the course of the life of the individual. 

With the completion of the last &per- 
matogonial division the period of growth 
starts and each spermatogonium gradually 
increases in size and its nucleus undergoes 
marked transformations. This growth 
causes a furiher shifting of the cells to- 
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^varj the lumen of the tubule. The groxv- 
ing cell is knoxvn as a primary spermato- 
cyte. When it has reached its full develop- 
ment the period of maturation begins and 
the primary spermatocyte divides into two 
new cells — the secondary spermatocytes. 
Each secondary spermatocyte soon di- 
vides, giving rise to two spermatids. Tliey 
are the last generation of spermatogenic 
cells. By individual transformations they 
become spermia. 

Tlie two mitoses occurring in rapid suc- 
cession and leading from one primary 
spermatocyte to four spermatids are of a 


The cytoplasm contains granular mito- 
chondria. Near the nucleus are a pair of 
ccntrioles and a thin crystalloid body 
smaller than that of the Sertoli cells. 

Tlie later generations of spermatogonia 
are smaller and are found either at the 
basement membrane or a short distance 
from it toxvard the lumen. The crystalloid 
seems to he absent. In the nucleus the 
chromatin is arranged in darkly staining 
flakes On the inner surface of the mem- 
brane — Iience the name of “spermato- 
gonia xvith crustlike nuclei.” These dif- 
ferences I)etucen the earlier and the later 


Spermium . 



Fig. 4 t3. Human testis from joung adult. Seminiferous epithelium with mitoses of spermalogonia- 
The spermatids show a caudal sheath. Iron-hemaloXylin stain. 740 X- (A.A.M.) 


peculiar character and dilTer from the 
common somatic mitoses. They are called 
“mitoses of maturation,” or “meiolic divi- 
) sions” and through them the nucleus of 
each spermatid receives only one half of 
the somatic number of chromosomes typi- 
cal for the respective animal species (48 
in man) . 

Spermatocylogenesis. The nucleus 
in the earlier generations of spermato- 
gonia contains dustlike particles of chro- 
matin and a round body that stains like 
chromatin. These early spermatogonia are 
called “primary spermatogenic cells” or 
“spermatogonia xvilh dusthke nuclei.” 


generations of spermatogonia are not very 
distinct in man. 

Tlie mitoses of the spermatogonia shot' 
the somatic number of chromosomes char- 
acteristic of the species. Tliis number is 
forty-eight in man. In the dividing sper- 
matogonium, the chromosomes consist of 
txventy-lhree pairs of varying sizes and 
shapes and of one pair of heterochwmo- 
somes (X-Y). During the spermatogonia! 
mitoses, all of the chromosomes, includ- 
ing the helerochromosomes, split longi- 
tudinally in the usual way. The X and Y 
chromosomes in man xvere first accurately 
figured by Painter (1923) although the 



MALE GENITAL SYSTEM 


claim oi an X>Y condition in the male had 
previously been made by others. 

Tile changes undergone by a spermato- 
gonium developing into a primary sper- 
matocyte (period of growth) represent a 
gradual preparation for the meiotic divi- 
sions and the reduction of chromatin. 

The primary spermatocytes move to- 
ward the lumen of the tubule and occupy 
the middle zone of the seminiferous ep- 
ithelium. As their transformations extend 
over a considerable period of time, these 
cells are numerous in the seminiferous ep- 
ithelium and show considerable variations 
in size and structure. 

The fully developed primary spermato- 
cytes are large, spherical or oval celK The 
long axis of the oval cells, when they are 
closely packed together (rat), is perpen- 
dicular to the basement membrane. The 
nucleus is also large; its structure under* 
goes a series of typical gradual transfor- 
mations which begin at once after the 
completion of the last spermatogonia! mi- 
tosis and finally lead to the first meiotic 
division. 

In the first meiotic dUision of the hu- 
man spermatocytes the X*Y chromosome 
separates, the X going to one daughter 
cell and the Y to the other. Thus, of the 
two secondary spermatocytes originating 
from a dhiding primary spermatocyte, 
one will contain twenty-three ordinary 
chromosomes and an X chromosome, 
while the other w’ill have tivenly-three 
chromosomes and the Y. Thus, there are 
two kinds of secondary spermatocytes. 

The daughter cells of the secondary 
spermatocjtes, the spermatids, are rela- 
tively small, spherical celU. Each contains 
a spherical nucleus about 5 to 6 in diam- 
eter, with several darkly staining chro- 
matin granules. Half of the total number 
of young spermatids contain the X ele- 
ments and half the Y. 

The fo]lov>ing pages contain further details 
of these complex c>tological changes. The 
chromatin flakes or crusts on the membrane of 


511 

tlte spermatogonial nucleus break up into small 
granules which assemble to form long, thin, tor- 
tuous chromaim threads — the leptotene stage. 
During tbU stage the cUrotnosomes, while still 
arranged in the form of long thin threads, con- 
jugate two by two, probably side by side, and 
lonn a haploid tiumber of bUaleut chroino<.<jmes^ 
(parflsynjpsw) . Later, the thin filaments of chro- 
matin become shorter and thicker {pachytene 
stage) and acriuiie a granular appearance; finally 
they may show a more or less distinct longi- 
tudinal split, as an indication of their origin 
through conjugation fdiplotene stagel. The fila- 
ments then contract into bhalent chromosomes, 
each consisting of two synaptic mates. Each of 
these, sooner or later, may undergo a longitudinal 
split — a preparation for the second meiotic divi- 



Tig. 444. Human spermatogonial plate show- 
ing 48 chromosomes. Iron-hcmaloxylin stain. 
3600 X- After E^an3 and Swezy. 

sion. Thus, the bivalent chromosomes consist of i 
four parts and are called tetrads. In mammals 
the history of their development is not as clear ^ 
as in many imeriebrates. The mammalian tetrads 
are usually plump, irregular, polyhedral bodies, 
and show, as a rule, only one split. 

Besides the mitochondria the cytoplasm has a 
cytocentrum consisting of a pair of centrioles 
m the large attraction sphere, which in sex cells 
IS usually called the idiozome. It is possible, 
however, that tlie idiozome is a structure specific 
/or the sex cells. The periphery of the idiozome 
IS surrounded by peculiar rodlets, sometimes 
forming a net — the Golgi apparatus. 

When the first meiotic mitosis begins, the cen- 
tnoles move away from each other and between 
them the ochromatic spindle is formed. The 
nuclear membrane and the nucleolus disappear, 
and the bivalent chromosomes or tetrads are 
arranged on the equator of the spindle. Simul- 
taneously the idiozome and the Golgi body 
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ward the lumen of the tubule. The grow- 
ing cell is known as a primary jpermato- 
cyle. Wlien it has reached its full develop- 
ment the period of maturation begins and 
the primary spermatocyte divides into two 
new cells— the secondary spermatocytes. 
Each secondary spermatocyte soon di- 
vides, giving rise to two spermatids. They 
are the last generation of spermatogenic 
cells. By individual transformations they 
become spermia. 

The two mitoses occurring in rapid suc- 
cession and leading from one primary 
spermatocyte to four spermatids arc of a 


The cytoplasm contains granular mito- 
chondria. Near the nucleus are a pair of 
centrioles and a thin crystalloid body 
smaller than that of the Sertoli cells. 

The later generations of spermatogonia 
are smaller and are found either at the 
basement membrane or a short distance 
from it toward the lumen. The crystalloid 
seems to be ab«ent. In the nucleus the 
chromatin is arranged in darkly staining 
flakes on the inner surface of the mem- 
btanc — hence the name of “spermato- 
gonia with crustlike nuclei.” These dif- 
ferences I)cluccn the earlier and tlie later 


Spennium . 



V'jg. 443. Human testK from young adult. Seminiferous epithelium ^^ilh mitoses of spermatogonia. 
The spermatids shovr a caudal sliealh. Iron-hematoxylin stain. 740 X- (A.A.M.) 


peculiar character and differ from the 
common somatic mitoses. They are called 
“mitoses of maturation,” or “meiotic divi- 
1 sions” and through them the nucleus of 
each spermatid receives only one half of 
the somatic number of chromosomes typi- 
cal for the respective animal species (4S 
in man) . 

Spermatocytogenesis, The nucleus 
in the earlier generations of spermato- 
gonia contains dustUke particles of chro- 
matin and a round body that stains like 
chromatin. These early spermatogonia are 
called “primary spermatogenic cells” or 
“spermatogonia with dusthlce nuclei.” 


generations of spermatogonia are not very 
distinct in man. 

The mitoses of the spermatogonia show 
the somatic number of chromosomes char- 
acteristic of the species. Tliis number is 
forty-eight in man. In the dividing sper- 
matogonium, the chromosomes consist of 
twenty-three pairs of varying sizes and 
shapes and of one pair of heterochromo- 
somes (X-Y). During the spermatogonial 
mitoses, all of the chromosomes, includ- 
ing the heterochromosomes, split fongi- 
tudinally in the usual 'vay. The X and Y 
chromosomes in man were first accuralcl) 
figured by Painter (1923) although the 
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claim of an X*Y condition in the male had 
previously been made by others. 

The changes undergone by a spermato- 
gonium developing into a primaty sper- 
matocyte (period of growth) represent a 
gradual preparation for the meiotic divi- 
sions and the reduction of chromatin. 

The primary spermatocytes move to- 
ward the lumen of the tubule and occupy 
the middle zone of the seminiferous ep- 
ithelium. As their transformations extend 
over a considerable period of time, these 
cells are numerous in the seminiferous ep- 
ithelium and show considerable variations 
in size and structure. 

The fully developed primary spermato- 
cytes are large, spherical or oval cells. The 
long axis of the oval cells, when they arc 
closely packed together (rat), is perpen- 
dicular to the basement membrane. The 
nucleus is also large; its structure under- 
goes a series of typical gradual transfor- 
mations which begin at once after the 
completion of the last spermatogonial mi- 
tosis and finally lead to the first meiotic 
division. 

In the first meiotic division of the hu- 
man spermatocytes the X-Y chromosome 
separates, the X going to one daughter 
cell and the Y to the other. Thus, of the 
two secondary spermatocytes originating 
from a dividing primary spermatocyte, 
one will contain tu enty -three ordinary 
chromosomes and an X chromosome, 
while the other will have twenty-three 
chromosomes and the Y. Thus, there are 
too kinds of secondary spermatocytes. 

The daughter cells of the secondary’ 
spermatocytes, the spermatids, are rela- 
tively small, spheric^ cells. Each contains 
a spherical nucleus about 5 to 6 ^ in diam- 
eter, with several darkly staining chro- 
matin granules. Half of the total number 
of young spermatids contain the X ele- 
ments and half the Y. 

The foltowmg pages contain further deuils 
of these complex c>tological changes. The 
chromatin flakes or crusts on the membrane of 


the spermatosonial nucleus break up into small 
granules which assemble to form long, thin, tor- 
tuous chromatin threads— the leptotene stage. 
During this stage the chromosomes, while still 
arranged in tlie form of long thin threads, con- 
jugate two by two, probably side by side, and 
form a baploid number of bivalent chromosomes 
iparasynapsis) . Later, the thin filaments of chro- 
matin become shorter and thicker (pachytene 
stage) and acquire a granular appearance; finally 
they may show a more or less distinct longi- 
tudinal split, as an indication of their origin 
through conjugation (dipfotene stage). The fila- 
ments tlicn contract into bivalent chromosomes, 
each consisting of two synaptic mates. Each of 
these, sooner or later, may undergo a longitudinal 
aplil— a preparation for the second meiotic divi- 



Tig. 4M. Human spermatogonial plate show- 
ing 48 chromoeomss. Iron-hcmatoxyUn stam. 
3600 X. After Evans and Swezy. 

slon. Thus, the bivalent chromosomes consist of i 
lout pacts and are called tetrads. In mammals 
the history of their development is not as clear I 
as in many invertebrates. The mammalian tetrads 
are usually plump, irregular, polyhedral bodies, 
and show, as a rule, only one split. 

Besides the mitochondria the cytoplasm has a 
cytocentrum consisting of a pair of centrioles 
in the large attraction sphere, which in sex cells 
is usually called the idiozome. It is possible, 
however, that the idiozome is a structure specific 
for the sex cells. The periphery of the idiozome 
IS surrounded by peculiar rodlets, sometimes 
forming a net — the Golgi apparatus. 

When the first meiotic mitosis begins, the cen- 
trioles move away from each other and between 
tlicm the achromatic spindle is formed. The 
nuclear membrane and the nucleolus disappear, 
and the bivalent chromosomes or tetrads are 
arranged on the equator of the spindle. Simuh 
taneously the idiozome and the Golgi body 
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|)reak up into fragments (called diclyosomes) 
wliicli collect around the poles of the spindle. 
During the metaphase, when the equatorial plate 
is seen from the pole, the chromosomes can he 
counted. In the human spcrmatoc}te monaster 


the primary spcrmatoc>te divides into two 
tl}a$ters. each hiialent chromosome or tetrad 
separates into its two constituent parts, along the 
line of their previous conjugation. These parts 
correspond to the common, single chromosomes 



twenty-four bivalent chromosomes can be dis- 
tinguished. Ten have the form of irregular 
rings; thirteen are small and sometimes show an 
indistinct split. The twenty-fourth chromosome, 
of an elongated, club-shaped form, is likewise 
bivalent; it is the X-Y chTomoiomt. 

During the anaphase, when the monaster of 


While they recede to the poles of the spindle 
they may show (in some of the lower vertebrates 
a distinct longitudinal split — an anticipation o 
the impending second meiotic division- Tliey are 
* called the dyads. 

Tli« difference between mitosis and meiosis is 
essentially this: In a somatic mitosis the indi- 
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viciual chromosome splits anj] the half chromo- 
somes separate, while in mevosis wliole chromo- 
somes, the synoptic mofes {the halves of the 
bivalent chromosomes) move away from eadr 
I other toward the poles. This peculiar process has 
; been named /leferofypic mitosis. 

Wliile in many lower animals the second 
meiotlc division starts immediately after the first, 
without giving the nuclei time to return to the 
resting condition, in mammals there is a distinct 
\ I'nterAinefic (resting) stage. Its duration is un- 
known. The body and the nucleus nf the secondary 
spermatocytes ate smaller than in the primary 
spermatoc) tes. When the reconstruction after the 
first division is completed, the nucleus contains 
an indistinct network widi round or angular 
chromatin granules, hut no distinct nucleolus. 
The constiwcnls of Uie ptolopUsm seem to lie 
the same as in the primary spermatocyte 

In the second mciotic division, the spindle 
with the centrioles on the poles is levs prominent 
and tnore slender than in the first mitosis and 
extends with Its apices neatly to the surface of 
the cell. The idiozome and Golgi body seem to 
divide in the same way as in the first division. 
The chromosomes (twenty-four), which are now 
small and dumbbelhshaped, are arranged on the 
equatoT of the spindle and each divides Into 
halves which are believed to be the products of a 
longitudinal split of the respective chromosome. 
Thus, the second meiotic division corresponds 
m principle to an ordinary somatic mitosis, and 
Is. therefore, sometimes called the "homeotyplc 
division.” ~ 

The cytoplasm contains the usual granular 
mitochondria, one or several darkly staining 
“chromatoid bodies,” the idiozome with the Golpi 
apparatus and the centrioles. The idiozome has 
now separated from the centrioles and is a darkly 
staminp, spherical body with a central clear 
area — the so-called acroblast. The centnole, first 
located near the nucleus, later divides and the 
new pair of centrioles llius formed at once re- 
cedes to the periphery of the cell. Here ibe two 
granules arrange themselves in such a way that 
the line connecting them h perpendicular to the 
surface of the cell The distal centriole touches 
the cell surface, while the proximal one is located 
deeper in the cytoplasm. 

The different structural details of spermalocyto- 
genesis just described, as well as the phenomena 
of spermiogenesis, discussed below, cannot be 
considered as completely elucidated for human 
materia! For obtaining a general idea of the 
process, a comparative study of the testis of 
various animal species, including invertebrates, 
is necessary. (See also Gatenby and Beams.! 


Sjfermtof’oitcsh. The spermalids are 
ihe last generallon of spermatogenic cells. 
They do not divide and each one has to 



Fip. dl6 Spindle of j human primary sper- 
matocyte showing IVNcnty-foiiT chtomosomey. The 
chromosomes at o were behind the others and 
were drawn nui«iilc the vpindle for dearness. 
Iron-hematoxylin stain. SdOO X- After Evans and 
Swezy. 



Fig. 4-17. Anaphase of a htiinan secondary 
spermatocyte showing the two small Y chromo- 
somes — the Idvl to divide. There are twenty-four 
rliTomosomes in each group; those at the left 
were behind the others and n ere drawn separately 
for clearness. Iron-hematoxylin stain, 3600 X- 
After Evans and Swezy. 

undergo a long series oi peculiar trans- 
formations, deeply affecting every con- 
stituent of the cell, before the mature sper- 
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mium or spermatozoon is formed (Fig. 
450 ). 

The most striking changes occurring at the 
beginning of sperniiogenesis concern the cen- 
triofes and the acrohiast. From the distal cen* 
Iriole, which is located at the surface of the cell 
iocfy, a thin filament grows out (Fig. 450^ l>). 
It represents the primordium of the axial thread 
of the tail or flagellum of the spermimn. At 
first it is coiled over the surface of the cell. Later 
it grows longer and thicker and straightens out. 


ness and extends with its edge haefeward, passing 
beyond the equator of llie nucleus. In the human 
gpermium it forms a scry deh'cate, thin mem- 
brane, the head cap, which covers the anterior 
pole of the nucleus, the head of the future sper- 
mium. The posterior edge of the cap can be seen 
as a thin line, running transversely across the 
head. 

Tile nucleus, which at first is flattened or even 
imaginated at its anterior pole by the aero- 
blast with the acrosome, later regains its con- 
vexity. It moves toward the periphery of the cell 



Fig. 448. Same testis as m Fig. 442. Seminiferous epithelium with mitoses of secondary spermatocytes— 
second meiotic division 1000 X, reduced to (A.A.M.} 


The acroblast becomes attached to the surface 
of the nucleus, marking its anterior pole. In the 
interior of the clear central area of the acroblast 
a small darkly staining, round body — the acro- 
some — appears. Then the acroblast, flattening 
against the surface of the nucleus, assumes a 
hemispherical shape and the acrosome comes in 
direct contact with the nuclear membrane. The 
latter in this place may also appear flattened or 
even itivaginafed. The darker peripJjcral layer of 
the acroblast, which consists of Golgi matenal, 
recedes into the protoplasm as the so-called aero- 
blast remnant and later disintegrates. The dear 
layer, covering the acrosome, is reduced in thick- 


body, until it touches (Fig. 450, d) and later, 
even evaginates the cell surface by its capped 
anterior pole (e, /)• Then it begins to shrink and 
assumes a slightly flattened, oval form (g). while 
the chromatin gradually condenses into a darUy 
staining homogeneous mass. The anterior half o 
the nucleus stains somewhat lighter than the 
posterior. In this way the head oj the spermtam 
is formed. 

During the described transformations ot t e 
nucleus, at the time when it begins to mo'C t® 
the anterior pole of the cell, a peculiar temporary 
structure appears in connection with the nucleus 
— the caudal sheath (Fig. 450, e, /)• It is a tbm 
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membrane which ha# the form of a witle tufw or 
funnel. It begins at the equator of the nucleus 
and extends a short tlislance backward, where 
it ends with a free edge in the cjtopla^m. It 
surrounds the posterior pole of the nucleus, the 


black. Keeping their position in relation to each 
other, tl«e>' move from the periphery of the cell 
body toward the surface of the nucleus. When 
the proximal ccntriole becomes definitely at- 
tached to the latter, it marks the posterior pole 


Fibrils in Serlolt celt SerloU cell 



Crjfstfll/otd 
in Sertoh 
cell 


Intersiitial 
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S^ermiifo- 
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Fig. 449. Same testis as in Fig. 442 Seminiferous epithelium with bunches of maturing spermia, 
connected with ScrioJi cells Iron-hemaloxylin stain. 1000 X, reduced to ‘K- {A.A.M ) 


centrioles and the aweiior pan of the axial fib' 
ment. Its significance is obscure and it soon dis- 
appears (.Fij. 450, g, h.\. 

The centrioles undergo important transforiaa- 
tions, These are best follov.ed in iton-bems- 
toxylin sections, where the centrioles are stained 


of the nucleus or of the future head, while the 
anterior pole, as has been explained, is marked 
hy the acio^oTOt. Thus the 7«it\eus acquires a dis- 
tinctly polar differentiation. 

The pcjwitnal centrwle, attached to the nuclear 
membrane, ^ows out asymmetrically in the 
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transverse direction and, according to its posi- 
tion, is seen as a granule or a rodlel. Il is trans- 
formed into the sometimes double, anterior knob 
of the neck of the spcrmium.'Thc distal centriole 
is usually seen as a short, transverse rod behind 
the anterior (proximal) centriole. Then the 
^ distal centriole divides into two parts. Its anterior 
I part remains in its place, separated from the 
proximal centriole by a >ery small amount of 
lightly colored substance and constitutes the 
posterior knob of the neck. The axial thread 
remains connected with this body. Tlie posterior 
part of the distal centriole acquires the shape 



a b c 



d t } 



sis from human testis, explanation in the text, 
page 514. Iron-Hematoxylin stain. 1500 X- 
(A.A.M.) 

of a ring surrounding the axial thread (Fig. 
450, h). It moves anay from the posterior knob, 
gliding along the axial filament, until it readies 
the surface of the cell body. Its position marks 
the posterior limit of the middle piece of the 
spermiura (i). 

During the migration of the centrioles toward 
the nucleus the axial filament is partly drawn 
into the interior of the protoplasm. Thus, an intra- 
and aii extracellular part of the thread can be 
distinguished. The second grows in length and 
finally reaches the size of the tail of the sper- 
mium. It seems to secrete on its surface an ex- 
^ iremely thin sheath which is missing on tlie end 
section of the tail. 


The mitochondria of the spermatid assemble 
around that part of the axial thread extending 
between the posterior knob and the ring. They 
geem to fuse together into a heavily staining 
filament, surrounding the axial thread in a spiral 
I coil — the spiral sheath of the middle piece of 
tlie spermium. 

Concurrently witli the tcansfocmatians ja«t de- 
scribed, the cytoplasm of the spermatid gradu- 
ally recedes from the nucleus, which protrudes 
more and more at the anterior pole of the cell 
and acquires an elongated, pearhke shape. It con- 
tains, besides some mitochondria not included 
In the spiral sheath and the above-mentioned 
disintegrating acroblast remnant, fat and lipoid 
droplets and heavily staining granules of un- 
definable nature (remnants of the chromatoid 
body, etc.). For a certain time the cytoplasm 
remains attached to the middle piece of the young 
spermium; it probably furnishes an external 
sheath for this part. Finally, it is sloughed off 
as an irregular round mass and disintegrates in 
1 the lumen of the seminiferous tubule. A part of 
this granulaf detritus is carried into the semen. 
The mayor part, however, seems to be absorbed 
and utiiized by the Sertoli cells. A small drop 
of cytoplasm remains attached to the middle piece 
of the spermium for a long time. 

illottire Spermium. The mature hu- 
mart spermium consists of a head, a con- 
necting or middle piece, and a tail. In 
ordinary sections the spermia do not show 
any particular inner structure. For seeing 
the clelails, special histologic methods 
such as iron hematoxylin and highest 
magnifications are necessary. 

Tlie head is a flattened, almond-shaped 
body measuring 4 to 5 ^ in length and 
2.5 to 3.5 /I in xvidth. It is a condensed 
nucleus. The middle piece is of cylindrical 
or spindle shape and connects the pos- 
terior pole of the head with the tail. It has 
a length oiS p. and a thickness of 1 p- Tlie 
tail has a length of 52 p. At its anterior end 
il has the same thickness as the middle 
piece but gradually tapers doivn toward 
the free end. It can he subdivided into the 
principal part and a short terminal part 
of extreme thinness. 

In fresh preparations from the testis the 
spermia are either motionless or display 
only a slight motility. 
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In man, hvo Xinfis of 5pcrmja are 
produced in equal numbers— spcrmia con- 
taining in their head the chromatin of 23 
chromosomes and an X chromosomct and 
spermia with 23 chromosomes and a Y 
chromosome. All mature egg cells, how- 
ever, are alike, having 23 chromosomes 
and an X chromosome, TIjc fertilization 
of an ovum, carrying 24 chromosomes — 
one of >\hich is X — by a s]>crmium with 
24 chromosomes — -one of which is X — re- 
sults in the formation of a new individual 
with 48 chromosomes (including X-X) in 
its cells, and is a female. In the case of ? 
spermium with the Y chromosome and an 
ovum with its 23 and X chromosomes a 
male individual with 46 plus X-V chromo- 
somes in the body cells is produced. U 
has to be pointed out, however, that tins 
theory is not universally accepted. Ttvo 
types of mature, human spermia contain- 
ing either the X or the Y chromosome 
have not been described morphologically. 

Tlie head h pyriform in profile, its anterior 
margin being compresred into a thin edge. A 
faint line runs across the head and separates the 
anterior, paler two tiiirds from tlie po<.teti©T, 
darker staining third. The substance of the head 
JS condensed chromstin. It sometimes contains 
a small clear vacuole. Tlie anterior two thirds 
of the head ate covered by ibe Aeod cop, a very 
thin, lightly adhering, structureless membrane; 
its posterior edge causes the iransverso line just 
menlioned. 

The transition between the head and the mid- 
dle piece is the necA. It consists of the darkly 
staining anterior knob, a pale, intermediate, flexi- 
ble mass, and the posterior knob. Tiie fibrillar 
^ axiol /ilament is attached to the posterior knob 
and runs uninterruptedly and gradually tapers 
to the end of the tad. It is surrounded by the 
, inner sheath which is absent from the terininal 
part of the tail. At the junction of ibe middle 
piece and the tail the axial thread with its inner 
sheath is surrounded by the spiral sheath, and, on 
the outside, by the spindle-shaped, outer sheath. 
Thus, the spermium contains, in a modified 
form, all the essential parts of a cell. The nucleus 
IS represented by the head which contains the 
hulk of the hereditary substance of the male sex 
cell Tiie substance of the centrioles is distributed 
het«cen the anlerior and posterior knobs and 


tlie terminal ring. When it enters the egg in the 
^ooess of fertiiiration, tlie centrioles of the male 
Cell, and especially the anterior knnb, are sup- 
posed to furnidt to the egg cell the active 
Qtocenlrum needed for its cleavage divisions. 
TTie idiozome (attraction sphere) and the Golgi 


b c d 



Rg. 4Sl. Human spermia (spermatozoa) : a 
and 6, Head seen from flat surface; c, head seen 
in profile: in c and d, a bit of protoplasm re- 
mained attached to the middle piece; e, abnormal 
spermium with one head and two tails; /, abnor- 
mal spermium with two heads and one tail. Iron-, 
hematoxylia stain. 1500 X> (A.A.M.) 
body are partly transformed into the aciosome 
and the bead cap Although most of the cytoplasm 
is cast off, a small amount of it persists as the 
outer sheath. 

The oxiof filament of the tail seems to be the 
exclusive product of the centrioles. A similar 
phenomenon is observed in the development of 
the flagellum from the cytocentrum in the flagel- 
late cells of some invertebrates (sponges) and 
in the formation of the central flagellum from 
the centnoles in some epithelial cells of the ver- 
tebrates. Tlie inner sheath of the tail, surround- 
ing the axial fiJaroent, is probably formed by 
the filament itself. 

Spermalogenelic Wave. The succes- 
sive phases of spermatogenesis are ar- 
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ranged in the seminiferous tubules ao 
cording to certain definite rules. The least 
developed elements are always located 
nearer the basement membrane, the most 
developed nearer the lumen. The cause of 
this movement is purely mechanical and 
due to growth pressure. The spermalo- 
'gonia remain adjacent to the basement 
membrane. The primary spermatocytes. 


first and second meiollc divisions. The 
transformations of all cells of one gen- 
eration Occur more or less synchronously. 
During the process of spcrmiogencsis 
the spermatids seem to require specific 
external conditions, such as protection 
and special nutriment. For this purpose 
they become temporarily closely con- 
nected with the Sertoli cells. When the 


Primary 

nearly rnature spermia spermatocyte 


Primary spermatocyte 
Interstitial ' 
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Fig. 452. Testis of rat. TJie transections of the tubules show various stages of spermatogenesis. 250 X» 
reduced to (A.A.M.) 


in the early stages of the grotvth period, 
may keep this position for a while. The 
larger cells move toward the lumen and 
form a second, third, and even fourth 
layer of cells. The spermatids form the 
inner layer of the epithelium and are 
usually found in large groups, all the 
cells of which, originating from a single 
spermatogonium, show the same stage of 
development. Tlie same typica] arrange- 
ment in groups is characteristic of the 


spermia have reached a certain degree of 
maturity and their cytoplasm has been 
sloughed off, the whole group leaves the 
Sertoli cell. This seems to be the result 
of mechanical pressure exerted upon the 
Sertoli cell body. The new crop ol sper- 
matogenic cells, growing around a Sertoli 
cell, squeezes the spermia out of it in the 
direction of least resistance. After a short 
period of inactivity the same Sertoli cell 
receives another, fresh crop of spermatids. 
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In the human testis, spermatogenesis, 
having started at puberty, continues with- 
out interruption during tiie whole period 
of sexual activity. This also holds true for 
domesticated mammals, whose sexual ac- 
tivity is not distinctly regulated by the 
seasons of the year. 

The cross sections of the eeminiferoua tubules 
show a startling variety of combinations of the 
different generations of spcrmatogenic cells. 
There are, as a rule, four generations in a gisen 
section — spermatogonia, spermatocytes (one or 
both types), spermatid*, and spermia. But the 
degree of matuiuy of each generation varies 
in the different combinations. As a rule, a cross 
section of a tubule slions tlie same combination 
of generations along its periphery. In following 
a longitudinal section of an isolated and slraiglil- 
ened tubule, one can see, on tbe contrary, the 
structure of the epithelium changing continu- 
ously. If the position of a certain combination of 
cells is marked in such a tubule, it will be 
found that the same combination repeats itself 
regularly at certain intervals tlirougliout the 
tubule. This depends on the fact that spermato- 
genesis is a wavelike activity proceeding along 
the tubule in the direction from the excretory 
ducts (the tubuli recti) to tlie periphery of tbe 
testis. In the rat the length of the spcrmalogenetic 
wave has been found to be 32 mm. The progress 
/ of this wave along the tubule is slow. The lime 
necessary for the development of a mature sper- 
j mium from a spermatogonium is estimated at 
twenty days for the rat. 

In serial cross sections of a tubule, one can 
, see that, in moving away from the lubuH recti, 
each of the succeeding generations (starting with 
the mitosis of a spermatogonium) begins some- 
what later than its predecessor Besides, the suc- 
ceeding crops of spcrmatogenic cells overlap 
along the tubule because a second, third, and 
fourth generation start their development before 
the first generation has reached its full maturity. 
This explains why a cross section of a tubule 
always presents four concentrically arranged lay- 
ers of cells in various conditions of maturity and 
forming various combinations. 

At the stage when the polarity of the male sex 
cell has been established through the definite 
attachment of the acrosome and centrioles to op- 
posite ends of the nucleus, groups of spermatids 
move toward the next Sertoli element, and en- 
ter into its cytoplasm. It is possible that this 
“s)mphoresis'’ is regulated by chemotactic influ- 
ences. The anterior ends of the heads are always 


directed toward the basement membrane, the 
growing flagella toward the lumen. Gradually, 
the heads of the developing spermia may reach 
deep into the body of the Sertoli cell, almost 
touching its nucleus. The pyriform, slender cell 
bodies with the tails are arranged in a bunch 
and radiate into the lumen. The cytoplasm of 
the Sertoli cell at this period contains especially 
numerous fatty and granular inclusions which 
have been looked upon as food material for the 
developing spermia. 

Tlie diagram (Fig. 453) will help to clarify 
tbese complicated conditions. It represents a 
theoretical cross section of a seminiferous tubule 
vvitli six sectors, each containing one combina- 
tion of celt generations; they may be looked upon 
as six phases of spermatogenesis. Such an ideal 
cross section does not exist In reality because each 
tubule in cross section, as a rule, shows the same 
cell combination along its whole periphery. Tbe 
six phases have been drawn in one circle to save 
space. 

In the first sector, at the ba«ement membrane, 
between the inactive Sertoli cells (5), five sper- 
matogonia are seen (Spg), Centrally to them are 
five primary spermalocyles (pSpc). Toward the 
lumen a large group of spermatids (Spt) is 
seen. In the second sector some of the spermato- 
gonia of the former stage have developed into 
additional spermatocytes. The spermatids are 
connected with the Sertoli cells. In the third sec- 
tor. at the basement membrane, a young spermat- 
ogonium with dusilike nucleus (5pg") is seen. 
Such cells arc present everywhere, but are scat- 
tered singly among the older spermatogonia with 
crustlike nuclei; they could therefore be present 
in any other sector (IK Spg'’). The spermato- 
cytes have grown and are seen moving toward 
the lumen. In the meantime some new spermat- 
ogonia might have been transformed into new 
primary spermatocytes. The spermiogenesis in 
the spermatids is progressing. In sector IV the 
conditions are similar, but the primary sper- 
matocytes have advanced in their growth. In tbe 
fifth sector some of the spermatocytes (the 
younger generation) remain unchanged while 
others have entered the maturation period. Three 
mitoses of the first meiotic type are seen (monas- 
ters, pSpc‘) ; they result in the formation of two 
resting secondary spermatocytes (sSpc) . The sec- 
ond meiotic division follows; one dyaster is rep- 
resented isSpe'). The spermatids have nearly 
accomplished their transformation. In the sixth 
sector two spermatogonia are seen in mitosis 
(5pg'). Qoser to the lumen, spermatogonia are 
tiansformed into a new generation of primary 
spermatocytes. The mature spermia leave the 
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Sertoli cells and are cast oiT into the lumen. 

The regular succession of generations of sper- 
matogenic cells and the definite phases of the 
gpermatogenelic wave have been worked out 
mainly for the testis of the rat, ivhicli is a classical 
object for studies on spermatogenesis. In other 
mammals and especially in man the succession 
of the generations and the combinations of the 
different cell types are much less regular. Shorter 


uomilanlly, the testis may diminish considerably 
in sire; the seminiferous tubules shrink, show a 
much smaller diameter and contain only Sertoli 
cells and some few spermatogonia. In this condi- 
tion they resemble in structure the tubules of a 
prepubertal testis, .^t the beginning of a new 
period of sexual acti>ily, the spermatogonia mul- 
tiply and rapidly produce the various generations 
of spermatogenic cells, while the Sertoli cells 


Spg'' tv 



spermatocyte; Spt, spermatid. Detailed explanation in the text. Redrawn from Waldeyer. 


or longer stretches in the tubules may be in 
resting condition and not show any spermat- 
ogenesis. They alternate with relatively small 
patches of active epithelium. 

In seasonal breeding mammals (for instance, 
the deer) active spermatogenesis, having begun 
for the first time at puberty, is repeated and dis- 
continued periodically for the rest of their lives. 
Each time it continues only during the period of 
rut, at the end of which the spermatogenic cells 
undergo extensive degeneration, and are cast off 
as debris into the lumen of the tubules Con- 


are again compressed and become inconspicuous. 

In the lower vertebrates, these cyclic changes 
of the testis in connection with the seasons are 
still more prominent. 

Degenerative Plienomcna. In the human 
testis, during the period of spermatogenetic activ- 
ity, degenerating spermatogenic cells can be 
found; the spermatids and spermatocytes arc 
most commonly affected. The tubules in a human 
testis often contain in their lumen masses o e- 
generating spermatogenic cells which *f* 

integrate into granular and fatly detritus. 
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reed not be considered as a patliolof-ic piienome- 
noa provided it does not exceed cerUm limits. 
The degenerating cells are usually seen close to 
stretches of active seminal epithelium with nor* 
mal spermatogenesis in full progress. 

Very often, abnormal spermalogcnic cells can 
be found. In the spermatogonia this manifests 
Itself usually by an excessive hypertrophy. Among 
t!ie spermatocytes giant forms are also com- 
mon, as well as cells with two or more nuclei, 
sometimes of unequal size. They arise ihrougli 
fusion or abnormal mitosis. Tlie spermatids often 
fuse to form multinuclealed giant cells. Sperma- 
tids with two or even more nuclei may continue 
their development and thus monster spermia 
with two or many tails and sometimes with 
one tail and two lieads may arise. 

The degenerating and monster spermalogcnic 
cells are carried, together with the mature sper- 
mia, into the epididymis. They disintegrate on 
their way and their substance is perhaps re- 
absorbed by the epithelium of the excretory ducts. 

The sex cells of the seminiferous epithelium 
are very sensitive to noxious factors of various 
kinds. In pathologic conditions of general (infec- 
tious diseases, alcoholism, dietary deficiencies) 
or local (injury, inflammation) character, and 
under the influence of mental depression, the 
' degenerative changes, and especially the forma- 
tion of multinucleated giant cells by the coalesc- 
ing spermatids may became very prommenl. Ex- 
posure of the testis to a sufficient dose of ar-rays 
causes an extensive degeneration of spermat- 
ogenic cells. They are also very sensitive to high 
temperature. Even tlie normal temperature of the 
body of a mammal is incompatible with their 
normal development. In the majonty of the mam- 
mals the testes, in the adult, are lodged outside 
the body in the scrotum which has a lower tem- 
perature than the body. It is known that cryplor- 
chid (ectopic) testes, which do not descend into 
the scrotum, but remain in the abdomen, never 
produce mature spermia and show atrophic tu- 
bules containing Sertoli cells with a few scattered 
spermatogonia. In experimental cryplorciiidism 
the testis soon shrinks and the tubules collapse 
‘ and contain only Sertoli cells and remnants of 
sex cells; after a long time the tubules may dis- 
appear (eighteen months in the guinea pig) . The 
seminiferous tubules atrophy in rats fed on a diet 
lacking vitamin E; they degenerate to a lesser 
extent in vitamin A deficiency. 

In all such cases the Sertoli cells prove to 
be more resistant tlian spermatogenic cells. Some 
few of the spermatogonia, however, seem in most 
cases to remain intact at the basement mem- 
brane betiveen t)ie Sertoli elements. Under favor- 


able conditions, when the noxious factor is re- 
moved (for instance, on replacing the artificially 
ectopic testis in the scrotum) , a more or less 
complete regeneration of the seminiferous epithe- 
lium from these residual cells may lake place. 
In the seminiferous epitlielium regenerating after 
it-ray sterilization, neoformation of spermato- 
gonia from niitotically dividing Sertoli cells lias 
been described. 



Fig. 454. Testis of an eighteen-months cryplor- 
chid guinea pig. Note the groups of interstitial 
cells, absence of seminiferous tubules. The in- 
terstitial connective tissue is slightly edematous. 
Drawn by Miss A. Nixon from a preparation of 
C. R. Moore. 

In mammals with a very short life, as in the 
rat, spermatogenesis seems to continue until 
death without appreciable changes. In man, al- 
though spermatogenesis continues far into the 
senile period, the seminiferous tubules undergo 
gradual involution with advancing age and the 
area of active spermatogenesis is more and more 
reduced. The regressive processes seem to begin 
very early. A testis of a man older than thirty- 
five will always show an increasing quantity of 
irregularly scattered, atrophic tubules, while in 
the remaining parts of the gland spermatogenesis 
may continue without visible alterations. Some- 
times in very old individuals all the tubules are 
found shrunken and depleted of spermatogenic 
cells. The irregular, cleftlike lumen, surrounded 
by a thickened, hyaline basement membrane, 
eoalains only atrophic Sertoli cells 

Capsule and the Interstitial Tissue 
of the Testis. Tlie tunica albuginea, the 
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mediastinum and the septuia of the testis 
consist of dense connective tissue. The 
mediastinum contains a few smooth mus- 
cle fibers. On the inner surface of the 
albuginea the dense tissue passes into a 
looser layer containing many blood ves- 
sels — the “tunica vasculosa testis.” Tins 
layer continues into the inlcrslilial tissue 
which fills the angular spaces between the 
convoluted tubules. 

Tlie seminiferous epithelium rests on 
the inner surface of a basement membrane 
which has a faintly fibrillar structure. Ex- 


tion to the blood vessels. Their body, 
measuring on the average 14 to 21 ^ in 
diameter, is irregularly polyhedral and is 
often provided uith processes. Transi- 
tional forms to much smaller, round or 
elongated cells are common. The large, 
spherical or wrinkled nucleus contains 
coarse chromatin granules, and one or 
two large nucleoli. Cells with two nuclei 
are relatively common. Adjacent to the 
nucleus is a large clear attraction sphere. 
It contains ccntrioles which appear as a 
group of small round granules or as two 



Fig. 455. Atrophic seminiferous tuhule from otherwise normal testis of thirty-five-j’ear-old man. 
i. Basement membrane. The tubule is lined wJtli Sertoli cells containing crystalloids. Note absence 
of spennatogenic cells. Fotmalio. Iton-bematoxyliti stain. 615 X* From a preparation of If. Oldtels. 


ternally the basement membrane is 
strengthened by a layer of lamellaled con- 
nective tissue which may be looked upon 
as a local condensation of the interstitial 
tissue. The interstitial tissue contains thin 
collagenous fibers, blood and lymph ves- 
sels, nerves, and several types of cells: 
fibroblasts, fixed macrophages, mast cells, 
and embryonic perivascular elements. Tlie 
interstitial cells (of Leydig) \sh5ch are 
specific for the testis are also present. 

Inlersfefmf Cells. These are scattered 
in the angular spaces betiveen the lobules 
in compact groups without a definite rela- 


rod-shaped bodies. The sphere is sur- 
rounded by a Golgi apparatus. The per- 
ipheral cytoplasm contains numerous 
mitochondria. The most characteristic fea- 
tures of the interstitial cells are the vari- 
ous inclusions in the cy-toplasm outside 
the sphere. 

In fresh condition the cytoplasm is 
filled with highly refracttle granules, 
many of which react positively to tests for 
neutral fat and lipoids (sometimes choles- 
terol esters) , Some brownish granules are 
waste pigment (lipofuscin). The most 
interesting inclusions are rod-shaped crys- 
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talloids with rounded or pointed ends 
(Fig. 456). These are characteristic of 
the human testis, although they are not of 
constant occurrence and show great vari- 
ations in size. Sometimes they seem to dis- 
solve in the peripheral layers of the cyto- 
plasm and their substance leaves the cell 
body. They are monorefringent, swell in a 
10 per cent solution of potassium hydrox- 
ide, and are dissolved by hydrochloric 
acid with pepsin. They are insoluble in 
10 per cent hydrochloric, nitric, or acetic 
acid, and in fat solvents. 

It seems that the interstitial cells are 
modified connecthe tissue cells. In inflam- 
matory lesions of the testis and in tissue 
cultures they divide mitotically and be- 
come fibroblasts. They may increase in 
number through transformation of spin- 
dle-shaped connective tissue elements, 
probably of embryonic nature, scattered 
between the tubules and around the blood 
vessels. 

Some authors claim that the interstitial 
cells of the testis arise from the same 
source as the elements of the seminiferous 
epithelium in the tubules; others believe 
them to be remnants of the epithelium of 
the tubules of the mesonephros. Groups of 
interstitial cells may be found in the con- 
nective tissue of the epididymis. 

The “epithelioid” character of the in- 
terstitial cells suggests the possibility of 
an endocrine glandular function (see next 
section) , 

Endocrine Function of the Testis. 
The testis, besides producing spermia, 
causes the development and maintenance 
of the so-called “secondary sexual char- 
acters” and of the sex impulse. In the de- 
veloping organism it is supposed to regu- 
late the growth of the skeleton and of 
other parts. After excision of both testes 
in the prepubertal age, the normal cessa- 
tion of the growth period of the long bones 
of the extremities is delayed, and the sec- 
ondary sexual characters do not develop. 
K this is done after puberty, the libido 


gradually disappears, the secondary sex- 
ual characters and the auxiliary sex 
glands (Figs. 465 and 469) undergo par- 
tial involution, and disorders of metabo- 
lism eventually appear. The implantation 
of a testis into such an individual may re- 
store normal conditions to a certain ex- 
tent. In experimental animals the injec- 
tion of testicular hormone prevents many 
of these changes from occurring. 

Experiments on animals have shown 
that implantation of a testis may cause 
the appearance of secondary male char- 
acters e\en in a spayed female. This is due 
to a hormone secreted by the testis. The 
chemical composition of the male hor- 
mone and its relation to cholesterol are 
discussed in detail by Koch (1937). 

Some authors ascribe the production of 
this hormone to the interstitial cells; 
others, to the seminiferous epithelium 
(spermalogenic and Sertoli cells). A third 
possibility is, of course, the participation 
of both elements. 

Most of the data favor the first hypoth- 
esis. It is known that individuals with 
cryptorchid testes display, in most cases, 
a normal sexual behavior and normal sec- 
ondary characters; they usually retain 
their virility, although sterility is the rule 
The seminiferous tubules in the testes of 
such males are always atrophic, as a result 
of the higher temperature in the abdomen. 
In experimental animals with cryptorchid 
testes of long duration, the seminiferous 
tubules seem to disappear completely, 
leaving large masses of interstitial cells. 
Such individuals, as a rule, keep their 
libido, the potentia coeundi, and the sec- 
ondary sexual characters. Similar results 
were obtained after ligation of the vas 
deferens or the ductuli efferentes and 
after large doses of x-rays. Grafts of tes- 
ticular tissue into castrated animals are 
supposed to act through their interstitial 
cells, which proliferate, while the seminif- 
erous tubules become atrophic. These and 
many other facts indicate that the male 
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sexual hormone is very probably secreted 
hy the inlerslitial cells ralher iban the 
seminiferous epilbclium. 

The control of hypophyseal activity by 
the testis is discussed by Moore and Price. 
The influence of liypophyscal hormones 
on the testis is discussed in Chapter XIV. 

Blood Vessels, LympUnlics, and Nerves of 
the Testis. Tile blood supply of the teslis is 
derived mainly from the internal spermatic 
artery. Some branches penetrate into the interior 
of the gland in the region of the mediastinum 
while others run to the anterior side, in or under 
the albuginea, in the tunica vasculosa. From the 
mediastinum and from the septula testis, the 


section of the system of the excretory 
ducts — the lubuli recli. These are short 
and slraiglil and have a diameter of but 
20 to 25 ^ They enter the mediastmum 
teslis and form in its dense connective tis- 
sue a system of irregular anastomosing, 
cpithcliumdined, cavernous spaces— the 
rcte testis (Fig. 457). 

At tlie transition of the convoluted 
seminiferous tubules into the tubuli recti 
the spcrmalogenic cells in the epithelium 
disappear and only the Sertoli cells re- 
main. Here they arc tall columnar cells, 
nilli a cytoplasm containing numerous fat 



Stood vessel 

: 

CTyslaUoid 

Fig. 456. Human tcalis from young adult. Groups of interstitial cells with centrioles, darkly staine 
granular inclusions, and crystalloids. Iron-hematoxylin stain. 650 X* (A.A.M.) 


smaller branches penetrate info flic interior of 
the lobules and break up into capillaries, forming 
loose networks around the seminiferous tubules. 
The course of the veins corresponds to that of 
the arteries. Everywhere in the interstitial tis- 
sue between the seminiferous tubules, networks 
of lymph capitlanes with thin endothelial walls 
can be demonstrated. The nerves, from the plexus 
spermaticus internus, surround the blood vessels 
with fine plexuses. The existence of end branches 
penetrating through the basement membrane into 
the epilheliuni of the seminiferous tubules seems 
doubtful. 

EXCRETORY DUCTS 

Tulmli Recti and Rele Teslis. At the 
apex of each lobule, its seminiferous tu- 
bules join and pass abruptly into the first 


droplets. The cavenious spaces of the rele 
testis are lined with a cuboidal or squa- 
mous epithelium. Its cells are provided 
xvUh a “central flagellum” and contain fat 
droplets. No distinct basement membrane 
is present. 

Ductuli Efferentes. At the upper part 
of the posterior edge of the testis, 12 to 
14 or more efferent ductules arise from 
the reie and emerge on the surface of the 
testis. They measure about 0.6 ram. in 
diameter and 4 to 6 cm. in length. 
Through numerous spiral windings and 
convolutions they form 5 to 13 conical 
bodies about 10 mm. in length — the vas- 
cular cones. These have their bases toward 



Fig. 457. Rete teslis, hunian; bv, blood vessel. 187 X, reduced to IA.A.M.) 


glands,” small, cuplike excavations in the 
thickness of the epithelium, not affecting 
the basement membrane, nte lotv dear 
cells of these excavations contain pale se- 
cretion and pigment granules; there is a 
brush border and a central flagellum on 
the free surface; the formation of blehlike 
outgroivfhs as a sign of secretory activity 
has also been de'^ctibed. In animals intra- 
vitally stained they contain dye inclu- 
sions; this indicates absorption from the 
lumen. The tall cells usually have a conical 


smooth muscle cells can be distinguished. 
Blood capillaries sometimes invaginale 
the membrane into the epithelium. In the 
ducts forming the coni vasculosi, the mus- 
cular layer becomes mote prominent. 

Ductus Epididymis, The winding 
tubules of the vascular cones gradually 
fuse into the single ductus epididymidis 
(Fig. 440). This highly tortuous, long 
canal (4 to 6 m.) forms, with the sur- 
rounding connective tissue, the body and 
the tail of the epididjTOis, The duct grad- 
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ually slraighlens oul and merges into the 
ductus deferens which has a length' ol 40 
to 45 cm. 

In the proximal, highly convoluted part 
of the ductus- epididymidis, ^vhich forms 
the body of the' epididymis, the lumen is 
lined by a tall, pseudostratified columnar' 
epithelium. The cross'scctions of the duct 
liave a regular, circular outline. On the 
inner surface of the basement membrane, 
small angular basal cells containing lipoid 
droplets form a discontinuous layer. On 
their free surface the columnar cells carry 
a tuft of long (30 p), nonmotile stereo- 


In the proxi'mdl part of the duct, in animals 
stained intraviially wiih trypan blue, dye granules 
appear in the cytoplasm. They are supposed to 
originate in the cells through absorption from the' 
lumen and to move toward the base of the cells. 
In the epithejium of the epidid>mjs, intra-cpithe- 
lial, cystlike cavities may develop through vacuo- 
lar degeneration of epithelial cells. OccasiociaUy 
degenerating cells are shed into the lumen. 

Nerves (mostly nonmedullated) form a pleius 
of ftne fibers tvhich are connected with the mus- 
cles of the Vessels and of the wall of the duct; 
Small sympathetic ganglia have also been 
described. 

A number of rudimentary structures is found 
Attached to the testis and epididymis and to 
the further sections of the excretory duct. They 


(Ullaied celts Secreting celts Secreting cells 



Fig. 458. Part of a cross section of a ductus efferens of man. Groups of ciliated cells alternate with 
groups of secreting cells. 450 X- After Eberth. 


cilia, kept together by cytoplasm which 
plays an important role in (he discharge 
of the secretion from the cell body info tbc 
canal. In the cytoplasm immediately 
above the nucleus a Golgi apparatus is 
present. Nearer to the free surface, a vary- 
ing quantity of secretion granules, vacu- 
oles, fat droplets, and pigment inclusions 
are found. They move toward the lumen, 
leave the cell through the stereocilia, and 
represent the secretion. 

In the distal part of the duct the epfthefiiun 
gradually becomes lower 

Tiie basement membrane is surrounded by a 
highly developed, capillary network and hy a 
circular layer of smooth muscular fibers which 
probably help to forward the spermia. 


are remnants of difTerenl parts of the embryonic 
genito-oiinary system. 

The appendix testis [hydatis Morgagni) is the 
remainder of the abdominal end of the duct of 
Mueller. It is located at the upper pole of the 
lestis, near the head of the epididymis as a small 
nodule consisting of vascular connective tissue 
and lined with columnar, sometimes ciltat® 
epithelium. The appendix epididymidis (pedun- 
culated hydatidt is believed to reprc«ent the 
rudiment of the wolffian body (mesoncphrosl ■ 
It is a nodule, 3 by 2 mm., containing a cyst 
lined with columnar epithelium and connected 
with the head of the epididymis by a stalk or 
variable lengtli. The ductuli aberrantes are 
blindly ending epithelial tubules. One of them 
M found in connection with the rete testis, an- 
other with the lower part of the ductus epididymis- 
The second may sometimes attain the length M 
10 or more cm. and forms coils in the connective 
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tissue of the epididymis. These structures are 
rudiments of the tubules of the mesonephros. 
The paradidymis, also a rudiment of the Avolffian 
body, is a group of coiled epithelial tubules in 
the connective tissue of the spermatic cord at 
the level of the head of the epididymis. In some 
cases, especially in newborn infants, small nodules 
with the structure of the cortex of the adrenal 
may be found in the connective tissue of the tail 
of the epididymis. In the neighborhood of the 
paradidymis small accumulations of dtromaSn 
tissue have been described. 


527 

face. The connective tissue of the mucous 
membrane contains extensive elastic net- 
works. The layer of smooth muscles 
reaches a high grade of development; it 
consists of an inner, thinner, and an outer, 
thicker longitudinal layer with a powerful 
circular, intermediate layer. It attains 1 
mm. In thickness and the duct, therefore, 
is easily palpable through the thin skin of 
the scrotum. On the periphery, an adven- 



Fig 459. Section of ductus epididymis of a thirty-two-yrear-old man. The stereocilia are prominent. 
The lumens contain spermia. Iron-hematoxylin-chromotrop 2 R 72 X- Afler Stieve. 


Ductus Deferens. On passing into the 
ductus deferens, the duct develops a larger 
lumen and a thicker wall. Immediately 
under the basement membrane a layer of 
connective tissue can be distinguished as 
the lamina propria of the mucous mem- 
brane. It rises in longitudinal folds, which 
cause the deeply festooned outlines seen 
m the cross section (Fig. 461) . The epithe- 
lium is lower than in the epididymis and 
has a pseudostratified columnar arrange- 
ment with two rows of nuclei. The cells 
usually have stereocilia on their free sur- 


titial coat of connective tissue can be dis- 
tinguished. 

The duct is accompanied by loose, 
longitudinal strands of smooth muscle — 
musculus cremaster inlernus — which form 
a part of the spermatic cord. The other 
parts of the latter are numerous arteries, 
convoluted veins of the pampiniform 
plexus with heavy muscular walls, and 
nerves of the plexus spermaticus. 

The vas deferens, after having crossed 
the ureter, dilates into a spindle-shaped 
enlargement, the ampulla. At the distal 
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ually slraightens out and merges into the 
ductus deferens which has a length' of 40 
lo 45 cm. 

In the proximal, hi^ly convoluted part 
of the ductus epididymidis, which forms 
the body of the epididymis, the lumen is 
lined by a tall, pseudoslralined columnar' 
epithelium. The cross sections of the duel 
have a regular, circular outline. On the 
inner surface of the basement membrane, 
small angular basal cells containing lipoid 
droplets form a discontinuous layer. On 
their free surface the columnar cells carry 
a tuft of long (30 pi, nonmotile stereo- 


In the proximal part of.tlic duct, in animals 
stained intraritally with trypan blue, dye granules 
appear in the cjtopJasni. They are supposed to 
orj};inate in the cells through absorption from the' 
lumen and to move toward tlie base of the cells. 
In the epithelium of the epididjmis, jfltra-epitbe- 
lial, cyaflike cavities may develop through. vacuo- 
lar degeneration of epithelial celis. OccasionaUy 
degenerating cells arc shed into the lumen. 

Nerves (mostly nonmedullaled) form a plexus 
of fine fibers which are connected with the mus- 
cles of the vessels and of the wall of the duct; 
Small syinpathetjc ganglia have also been 
descrilwd. 

A number of rudimentary structures is found 
aliaciied to the testis and epididymis and to 
the further sections of the excretory duct. They 


Ciliated celts Secreting cells Secreting cells 



Fig. 458. Part oI a cross section of a ductus efferens of man. Groups of ciliated cells alternate with 
groups of secreting cells. 450 X* After Eherth. 


cilia, kepi together by cytoplasm wlilch 
plays an important role in the discharge 
of the secretion from the cell body into the 
canal. In the cytoplasm immediately 
above the nucleus a Colgi apparatus is 
}>resent. Nearer to the free surface, a vary- 
ing quantity of secretion granules, vacu- 
oles, fat droplets, and pigment inclusions 
are found. They move toward the lumen, 
leave the cell through the stereocilia, and 
represent the secretion. 

In the distal part of the duct the epitbehom 
gradually becomes lower 

The basement membrane is surrounded by o 
highly developed, capillary network and by a 
circular layer of smooth muscular fibers which 
probably help to forward the spermia. 


are remnants of tlifferenf parts of the embry’®”^® 
genito-urinary system. 

The appendix testis (hydatts Morgagni) is the 
remainder of the abdominal end of llie duct of 
Mueller. It is located at the upper pole of the 
testis, near the head of llie epididymis, as a small 
nodole consisting of vascular connective tissue 
and lined with columnar, sometimes cihated 
epitbelium. Tlie appendix epididymidis fpedun- 
culated hydatid? is belieted to represent the 
rudiment of the woIffian body (mesonephros), 
ft is a nodule, 3 by 2 mm., containing a ey'^ 
lined with columnar epithelium and connccte 
witli the head of the epididymis by a stalk of 
variable length. The ductuit aberrantes are 
blindly ending epithelial tubule^. One of them 
is found in connection with the rete lest)', an- 
other with the lower part of the ductus epididymis. 
The second may sometimes attain the length of 
10 or more cm. and forms coils in the connective 
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Tig. 4G1. Ductus deferens of a roan, in cross section. 30 After Schaffer. 


a £r 



Fig. 462. Portion of a cross section through the ampulla of the ductus deferens of a man: AD, 
Glandlike outpouchmgs of the main lumen; L, Lumen; AD, adventitia; AL, external longitudinal 
muscle lajer; El, longitudinal and. Er, ring shaped elastic fibers; F, fat tissue; IL, internal ]ongI< 
tudinal muscle layer; M, smooth muscle bundles in the adventitia; N, nerves; R, circular muscle 
layer; SF , folds of the mucosa; V, veins. Orcein stain. 26 X* After Schaffer. 
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end of the hitter it forms a large, blind, 
glandular evagmation — the seminal vesi- 
cle. Tlien, as the short (19 mm.) and 
slraigKt ejaculatory duct (O.S mm. in 
diameter), it pierces the body of another 
gland, the prostate, attached to the boUom 
of the urinary bladder, and opens by a 
small slit into the prostalic part of the 
urethra, on a small thickening of its pos- 



lature is much less regularly arranged 
than in the other parts of the ductus def- 
erens. 

Ejaculatory Ducts. The epithelium 
lining the ejaculatoiy* ducts is a simple or 
pseudoslratified, columnar epilhelium, 
probably endowed with glandular func- 
tions. Its cells contain a large quantity of 
yellow pigment granules. Near the open- 
ing of the ducts the epilhelium often as- 
sumes the structure of transitional epithe- 
lium. The mucous membrane of the ducts 
forms many thin folds reaching far info 
the lumen; its connective tissue is pro- 
vided with abundant elastic netivorks. The 
dorsomedial wall of the ducts contains a 
series of outpocketings of glandular 
nature, which are considered by some to 
he accessory seminal vesicles. The ducts 
proper are surrounded only by connectne 
tissue. 

AUXILlAnV GLANDS 


Fig. 460. Section of human ductus epididjmls; 
free surface of epithefuim, with siereocilio, dis- 
cUatglng sectetion, WOO X- Kedrawn after M. 
flelcicnitain and F. Werner. 

terioT wall — the colliculus seminalis or 
verumonlanum. The openings of the ejac- 
ulatory ducts are located to tlic right and 
to the left of llie uiriculus proslalicus, a 
blind invagination on the summit of the 
colliculus. 

In the ampulla of the ductus deferens, 
the mucous membrane with its epithelium 
is thrown into numerous, thin, irregularly 
branching folds (Fig. 462, SF) which in 
many places fuse with one another, thus 
producing in a section a netlike system of 
partitions with angular meshes. The ep- 
ithelium may show more or less distinct 
signs of secretion. From the excavations 
between the folds, numerous tortuous, 
branched outpocketings reach far into the 
surrounding muscular layer (Fig- 462, 
AB) and are lined with a single layer of 
columnar, clear cells of glandular nature 
containing secretion granules. Themuscu- 


The glands associated with the excre- 
tory duct of the testis are the seminal 
vesicles, prostate and bulbo-urcthral 
glands. 

Seminal Vesicles. The seminal vesi- 
cles are tortuous, elongated, hollow bodies 
with a very irregular, branclied lumen 
and numerous outpocketings. They are 
evaginations of the ductus deferens and 
arc similar to it in structure. Their wall 
consists of an e.xternal connective tissue 
sheet with elastic nets, of a middle layer 
of smooth muscle thinner than in the duct, 
and of a mucous membrane resting upon 
a thin submucous layer. The mucous mem- 
brane forms an intricate system of thin, 
high, primary folds, which branch into 
secondary and tertiary folds. Tliese pro- 
ject far into the lumen and anastomose 
very frequently with one another. In this 
way numerous cavities of different sizes 
arise; they are separated from one an- 
other by thin, branching partitions and 
all open into the larger central cavity. In 
sections, however, many of them seem to 
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duels, which open independently into the 
urethra on the right and left side of the 
colliculus scminalis. The form of the 
glands is very irregular. Large cavities, 
sometimes assuming the character of cj^ 
tic enlargements, allernaie ^vitli narrow, 
branching tubules. The blind ends of the 


upon a layer of connective tissue with 
dense clastic networks and very numerous 
blood capillaries. In the larger alveolar 
cavities it may be low cuboidal or even 
squamous. In most places it is of a simple 
or pseudostratified columnar variety. The 
cytoplasm of the cells contains numerous 
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be isolated (Fig. 464) . Some are provided 
with gJandlike invaginations similar to 
those in the ampulla. 

The epithelium shou’s great individual 
variations, which probably depend on age 
and on functional influences. As a rule, it 
is pseudostratified and consists of a layer 
of round basal cells and of a layer of 
larger, superficial, cuboidal or loiv col- 
umnar cells. All basal cells possess a pair 
of cenlrioles above tiie nucleus, while in 


In many places the epithelial celk, espe- 
cially in the deeper crypts between the 
folds and in the glandlike structures, con- 
tain secretion granules; on the free sur- 
face drops or bleblike formations appear 
which are cast off into the lumen. The se- 
cretion of the seminal vesicles is a yellow- 
ish, viscid, sticky liquid containing globu- 
lin. In sections it forms coagulated, 
iietlike, deeply staining masses in the lu- 
men. After castration, the epilheliura atro- 



Fig. 463. Cross section through the coJlicuJijj seminaHs of a young wan: Urethra, /f, incise 
above; a, ejaculatory canal; ad, adenoid tissue; ap, accessory prostalic gland; ce, stratified cylindnea 
epitheliuni; lacuna m cross section; p, prosiaiic ducts; pe, stratified epithelium; tip, prostalic ducts 
which empty into the ulriculus of the prostate, «. 10 X- After v, Ebner, from Schaffer. 


the superficial cells the centrioles arc lo- 
cated at the surface and form a central 
flagellum; terminal bars have also been 
described. The cells contain numerous 
granules or even large lumps of a yeDow 
pigment; it has a fatty nature, reacts nega- 
tively to tests for iron, and makes its first 
appearance at the time of puberty. A simi- 
lar pigment is also found in the smooth 
muscles and in the connective tissue of the 
seminal vesiclw. 


phies, but can be restored by injections of 
testis hormone (Fig. 465). 

The muscular wall of the seminal ves- 
icles is provided with a plexus of nerve 
fibers and with small sympathetic ganglia- 

Prostate Gland. The prostate is the 
size of a horse chestnut and surrounds the 
urethra at its origin from the urinarj 
bladder. It is a conglomerate of 30 to 50 
small, compound tubulo-alveolar glands; 
they give origin to 16 to 32 excretorj 
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ducts* which open independently into the 
urethra on the right and left side of the 
colliculus seminalis. The form of the 
glands is very irregular. Large cavities, 
sometimes assuming the character of cys- 
tic enlargements, alternate \\ith narrow, 
branching tubules. The blind ends of the 


upon a layer of connective tissue with 
dense clastic networks and very numerous 
blood capillaries. In the larger alveolar 
cavities it may be low cuboidal or even 
squamous. In most places it is of a simple 
or pseudostratified columnar variety. The 
cytoplasm of the cells contains numerous 
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lar hormone restore the cells quickly to 
their normal appearance and activity 
(Fig. 469). 

Tlie abundant interstitial tissue of the 
prostate consists of dense connective tis- 


from one another and radiating from the 
region of the colliculus seminalis to the 
periphery. Around the urethra the smooth 
muscles form a thick ring— the internal 
sphincter of the bladder. 



Fig. 465. Sections of seminal vesicle of ral. A, From normal animal; D, from twcnty'day castrate; 
C, from Iwenty'day castrate receiving 29 injections of testis hormone in twenty days. Note absence 
of secretion granules in ff. Douin; hematoxylin. Very high magnification. After Aloore, Hughes and 
Gallagher. 



Fig. 466. A, Atrophic epitiielium of seminal vesicle removed from a rat fed on a diet deficient 
in vitamin B for lliirty-two da>s. B, epithelium of other seminal vesicle after the rar had been injected 
for thirteen days with male hormone. Note the return to normal appearance and compare with Fig. 465. 
Bouin, iiematoxylin preparations o{ C. R Moore. 2000 X. Drawn by Miss E. Bohlman. 


sue 'vilh collagenous fibers, and elastic 
networks and many smooth muscles ar- 
ranged in strands of varying thickness. 
The connective tissue forms a capsule at 
the periphery of the organ. Together with 
the smooth muscles it is arranged in thick, 
broad septa, widely separating the glands 


The secretion of the prostate is a thin, 
opalescent liquid with a slightly alkaline 
reaction and the odor of semen. The 
liquid contains proteins, fine lipoid gran- 
ules in suspension, but no mucus. In sec- 
tions the secretion in tlie glandular cav- 
ities appears granular. It contains occa- 
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sional desquamated cells and spherical or 
oval, often concentrically striated bodies 
— the prostatic concretions (Fig. 468). 
Tliese originate through condensation of 
the secretions, may become calcihcd and 
exceed 1 mm. in diameter. The concre- 
tions are added to the semen and can be 
found in the ejaculate; the larger ones 
sometimes remain in the gland and are 


any function, but is an accessory gland of the 
male sexual apparatus. It is a blind vesicle of 
considerable size lined by a mucous membrane 
with many folds and Aviih glandlike invaginations. 
T/ie epithelium is simifar to that of the prostate. 
Sometimes patches of ciliated- columnar epithe- 
lium can be found. 

Biilbo-tirctlirnl Glands. The bulbo- 
urethral glands (glands of Cowper), each 
of the size of a pea, are of compound tu- 




DBF 


Fig. 469. Sections of the prostate gland of rat. A, B, C, From anterior lobe cells; D, E, F, from 
posterior lobe cells; A, D, from a normal animal; D, E. from a twenty-day castrate; C,F, from twenty- 
day castrate receiving 29 injections of testis hormone in twenty days. The changes in the Golgi net 
are epuite striking in D, E, F. flfann-Kopsch technic. Very higfi magnification. Alter JVfoore, Price, 
and Gallagher 


lodged in cysts. Their number increases 
with age. 

The prostate is abundantly provided with 
plexuses of mostly nonmyelinated nerve libers 
connected with small sympathetic ganglia Sen- 
sory nerve endings of various kinds (end bulbs. 


in the glandular epiuienum. 

The utriculus prostaticus, lodged in the mass 
of the prostate gland and opening on the col- 
liculus seminalis, according to some recent oh- 
servations is not merely a vestigial organ without 


bulo-alveolar variety and in some respects 
resetnbie mucous glands; their ducts enter 
the posterior section of the cavernous 
part of the urethra. The ducts as well as 
the secreting portions are, however, of 
very irregular size and form, and in many 
places show cystlike enlargements. The 
terminal portions end blindly or are con- 
nected with one another by anastomoses. 
The connective lissue partitions between 
tlie glandular lobules measure 1 to 3 mm. 
in diameter and contain elastic nets and 
tliick strands of striated and smooth mus- 
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cies. The latler may penetrate >vilh the 
connective tissue into the interior of the 
lobules. 

The structure of the epithelium in the 
secreting portions and in the ducts is sub- 
ject to great functional variations. In the 
enlarged alveoVi the cells arc usually flat- 
tened; in the other glandular spaces they 
are cuboidal or columnar with the nuclei 
at the base. The cytoplasm contains small 


they are provided ^vith small accessory 
glandular outpocketings having the struc- 
ture of the glands of Littre ol the urethra. 

After fixation, the secretion appears in 
the lumen of the glandular spaces and 
ducts as angular precipitates ^vhich stain 
bristly with eosin. In life it is a clear, 
very viscid and lubricant, mucus-like sub- 
stance which can be drawn out easily into 
long thill threads. Unlike true mucus it 


Fig. 470. Pl'ototnicrographs of sections of human pio<=tale. A, Black stained acid phospliatase 
obscures the epithelium. J3, Black stained alkaline phosphatase is limited to the blood vessels. Courtesy 
of G. GomotL 180 X. 


mucoid droplets and spindle-shaped in- 
clusions staining with acid dyes (Fig- 
472) . Tltey are supposed to leave the cell 
body as such and then to dissolve and mix 
"ilh tlje mucin. The cells also contain 
various sized colloidal spherules. The 
presence of true secretory capillaries is 
doubtful. The excretory ducts ate lined 
with a pscudosxiaiified epithelium resem- 
bling that of the urethra and may contain 
large patches of secreting cells. Besides, 


does not form a precipitate ^vilh acetic 
acid. 


The penis is formed by three cylindrical 
bodies of cavernous, erectile tissue — the 
lito corpora caverno^sa penis and the un- 
paired corpus cavernosum urethrae (Fig. 
473), The first two are separated from 
each other in their posterior, divergent 
parts but join at the pubic angle and run 
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occupied by tbe corpus cavernosum ure- 
thrae (spongiosum) . The latter, beginning 
with the bulbus urethrae betiveen the 
crura of the corpora cavernosa penis, is 
pierced throughout its length by the urc- 
thra and ends with a mushroom-shaped 
enlargement, the glans penis, which caps 
the conical ends of both corpora caver- 
nosa penis. 

The erectile tissue of the corpora cav- 
ernosa penis is a vast spongelike system 
of irregular vascular spaces, intercalated 
between the afferent arteries and the effer- 
ent veins. In the relaxed condition of the 
organ the cavernous spaces contain but 
little blood and appear as ibin irregular 
clefts (Fig. 474). In erection they are 
large cavities filled with blood under 
high pressure. This causes the enlarge- 
ment and the rigidity of the penis. 

Each of the cavernous bodies is sur- 
rounded by a thick (1 mm,), resistant, 
fibrous membrane, the tunica albuginea. 
Its collagenous fibers are arranged in an 
outer, more or less distinctly longitudinal 
and an inner circular layer, and are ac- 
companied by elastic nets. Between the 
two cavernous bodies the albuginea forms 
a fibrous partition, which, especially near 
the end of the penis, is pierced by numer- 
ous transverse clefts through which the 
cavernous spaces of both sides communi- 
cate. On the inner surface of the albu- 
ginea, especially in the posterior pari of 
the erectile bodies, there is a layer of 
dense connective tissue containing a multi- 
tude of small veins draining the cavernous 
spaces. 

The cavernous spaces are largest in the 
central zone of the cavernous bodies. In 
the collapsed condition, they may have a 
diameter of 1 mm. Toward the periphery 
they gradually diminish in size The parti- 
tions between them, the trabeculae, con- 
sist of dense fibrous tissue and contain 
thick collagenous bundles with fibroblasts, 
elastic networks, and strands of smooth 
muscle fibers. Their surface is lined with 


common endothelium, which continues 
into that of the arteries and of the veins. 

The albuginea of the corpus caverno- 
sum urethrae is much thinner than in 
the corpora cavernosa penis and contains 
circularly arranged smooth muscle fibers 
in its inner layer. It also is provided with 
abundant clastic networks. Unlike those of 
the corpora cavernosa penis, the blood 
lacunae here are everywhere the same in 
size, in the deeper parts as well at the per- 
iphery. The trabeculae between them con- 
tain more numerous elastic fibers, whereas 
the smooth muscles are relatively scarce. 
The cavernous spaces’occupying the axis 
of the corpus cavernosum gradually pass 
into the venous plexus of the urethral 
mucosa. 

The glans penis consists of dense con- 
nective tissue containing nets of large 
anastomosing veins, with circular and 
longitudinal smooth muscles in their thick 
walls. The longitudinal muscle strands 
often bulge into the lumen of the veins. 

The skin covering the penis is very thin 
and is provided with an abundant subcu- 
taneous layer containing smooth muscles 
but is devoid of fat tissue. The skin has no 
hairs on the distal part of the penis and 
only small sweat glands. The glans is cov- 
ered by a circular fold of the skin, the pre- 
puce. Its inner surface, adjacent to the 
glans, is moist and has the character of a 
mucous membrane. On the surface of the 
glans penis tbe derma of tbe skin is fused 
with the connective tissue between the 
veins just described. In this region pe- 
culiar sebaceous glands are described 
(glands of Tyson), which are not con- 
nected with hairs. They show great indi- 
vidual variations in number and distribu- 
tion. 

Blood Vessels. The erectile tissue of the 
penis is supplied with blood from the arteria 
penis. It breaks up into several large branches 
(atteria profunda penis, dorsalis penis, etc.) 
which run to different parts of the organ, hut 
all anastomose with one another. In all these 
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Fig. 471. Lobule of a buIbo*ur«tliral gland of a lwent)'*ihree*year-oJd man. Zenker. 120 X* Slightly 
modified after Stieve. 



Fi". 472. Alveolus of bulbo-urelhral glami (Cowper’s gland) of man. Spindle-shaped, ..toinc 

inclusions in the cells and in ihe Jumen. Mallory sUin. 740 X. Redrawn after Scha er. 


side by side to their pointed ends. On tlie 
upper surface of the penis, along the line 
of their junction, there is a shallow longi- 


tudinal groove where the dorsal artery 
and vein are located. On the lower surface 
the corpora cavernosa form a deep groove 
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direct or indirect communication with the largest 
axial blood spaces 

The blood from the corpus spongiosum is 
drained mainly through the vena dorsalis penis. 
Unlike those of the corpora cavernosa penis, 
here the first branches of this vein start from the 
lacunae with farge openings and leave t?« cor- 
pus by the shortest way, by piercing the albuginea. 

The arrangement and structure of the affer- 
ent and efferent blood vessels in the corpora 
cavernosa penis explain the mechanism of eree- 


walled veins under the albuginea which drain the 
latter. In this way the outflow of the blood is 
throttled down, the blood accumulates in tlie 
corpora cavernosa under increasing pressure and 
the erectile tissue becomes rigid. The helicine 
arteries during erection are passively stretched 
out and titeir coByoJnihna aie evened out. Since 
in the corpus spongiosum there is no difference 
between axial and peripheral lacunae and the 
draining veins are not compressed, there is no 
noticeable retention of blood and the circula- 
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tissue and smooth muscles, as has been described 
for the branches of the arieria penis before they 
enter the erectile tissue. The ridges are located 
especially at the places of division of the vessel. 
The generally admitted existence of short, cush- 
ion-liXc pads projecting Jar into the Jamen and 
acting* as valves, has not been confirmed by 
recent investigations. 

The arterial supply of the corpus spongiosum 
is similar to that of the corpora cavemoM penis. 



by the injection of fornialm into the corpus cavernosum. X. Slightly modified after Stieve. 


branches, even before they enter the erectile tis- 
sue, the intima forms, in several places, long ridge- 
like thickenings, which project into the lumen. 
They consist of loosely arranged collagenous 
and elastic fibers, and contain strands of smooth 
muscle fibers, mostly arranged longitudinally. 

Wherever the arterial branches enter Into the 
corpora cavernosa through the albuginea, they 
assume a longitudinal, forward course, and give 
off many new branches. The larger branches 


form the majority, their special purpose is to 
fill the cavernous spaces for tlie erection. In the 
quiescent condition of the penis they J»a»e a con- 
voluted or curled course— Achcine ariencs. They 
have a very thick media. When liicy reach 65 to 
80 g in diameter (precavernous arteries) they 
run in the longitudinal trabeculae of the corpora 
cavernosa, and open directly into the cavernous 
spaces without forming capillaries 

The inttma of the lielicine arteries is also pro- 
vided *ith longitudinal ndges of connective 


The major part of the blood leaves th* 
pora cavernosa penis through the vena profunda 
penis. Its radicles have a thick muscular wall. 
Tbey arise under the albuginea, especially m the 
posterior regions of the erectile bodies, ihroug 
confluence of a multitude of branched 
cavernous” venules. Tlie latter run paral e to 
the surface under the albuginea, have a length of 
300 to 400 M or more, and do not pwsess any 
muscles in their thin walls. Tlvey originate torn 
the peripheral cavernous spaces which arc m 
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direct or indirect communication vfith the largest 
axial blood spaces. 

The blood from the corpus spongiosum is 
drained mainly through the \ena dorsalis penis. 
Unlike those of the corpora cavernosa penis, 
here the first branches of this sein start from the 
lacunae witfi large openings and leave tlie cor« 
pus by the shortest way, by piercing the albuginea. 

The arrangement and structure of the affer- 
ent and efferent blood vessels in the corpora 
cavernosa penis explain the mtchanism of erec- 


walled veins under the albuginea which drain the 
latter. In this way the outflow of the blood is 
throttled down, the blood accumulates in the 
corpora cavernosa under increasing pressure and 
the erwtile tissue becomes rigid. The helicine 
arteries during erection are passively stretched 
out and their convolutions are evened out. Since 
ia the corpus spongiosum there is no difference 
between axial and peripheral lacunae and the 
draming veins are not compressed, there is no 
noticeable retention of blood and the circula- 


Fig. 474. Left Cross section of crus penis of a man of twenty-seven a. Vena profunda penis; 
d, central cavernous spaces. Right Cros penis of man; fixed in artificial erection by injection of 
gelatin, a. Central rone; b, peripheral zone. Modified and redrawn after Kiss. 


non The arteries play the active, the veins the 
passive, role The erection begins with the re- 
laxation of the tonus of all smooth muscles in the 
arteries and in the erectile bodies Tlie blood 
pressure overpowers the remaining elastic re- 
sistance of the tissue, and stretches the media in 
the arteries The presence of longitudinal ridges 
m their intima is believed to enable the lumen 
m such places to enlarge quickly. The lacunae 
of tlie cavernous bodies are filled vpilh arterial 
i blood. As the helicme arteries open eHiecially 
into the axial, largest spaces, these spaces com- 
t press the peripheral, smaller spaces and the thin- 


lion continues freely. Consequently the corpus 
spongiosum never attains a great rigidity dur- 
ing erection. 

After ejaculation the arterial musculature re- 
gains its tonus. The afflux of the arterial blood 
is reduced to the usual degree. The excess of 
blood, which has accumulated in the corpora 
cavernosa penis, is slowly pressed out into the 
veins through the action of the smooth muscles 
of the trabeculae and through the retraction of 
the elastic networks. Due to the compression of 
the peripheral small veins and to the valves de- 
scribed above, the return of the penb into the 
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flaccid condition is only accomplished ftrajually. 

Lymphatics. Dense, superficial netnorlcs of 
lymphatic capillaries are found in the akin of 
the penis, of the prepuce and of the shaft. Tlicy 
form a dorsal superficial lymph vessel, which 
tuns toward the medial inguinal lymph nodes. 
Deep nets of lymphatic capillaries collect the 
lymph from the glans; they form a plexus on 
each side of the frenulum and continue into a 
dorsal subfascial lymph vessel. 

Ner>cs. The nerves of the penis belong to 
the cerebrospinal (nervi pudendi) and to the 
sympathetic (plexus cavernosus) systems. They 
first supply the striated muscles of the penis 
(such as the bulhoca>ernosus) and also furnish 
the sensory ner^e endings in the skin and the 
mucous membrane of the urethra. Among these 
sensory endings, free branciiing nerve endings 
in the epithelium of the glans, the prepuce and 
the urethra can be distinguished. Besides, there 
are free nerve endings in the subepithelial con- 
nective tissue of the skin and the urethra. Tlitrdly, 
numerous encapsulated corpuscles of various 
types are present: Corpuscles of Meissner in the 
papillae of the skin of the prepuce and the 
glans, genital corpuscles in the deeper layers of 
the stratum papillare of the derma of the glans 
and in the mucous membrane of the urethra, and 
corpuscles of Vater-Pacini along tlie dorsal vein 
in the subcutaneous fascia, in the deeper connec- 
tive tissue of the glans and under the albuginea 
in the corpora cavernosa. The sympathetic nerv. 
ous plexuses are connected with the smooth mus- 
cles of the vessels and form extensive, non- 
myelinated networks in the smooth muscles of the 
trabeculae in the corpora cavernosa. 

SEMEN 

As the spermia pass along the excretory ducts, 
the secretions of the ducts and accessory glands 
are added to them; the final product is the semen. 

The spermia in the seminiferous tubules seem 
to be nonmotile. They are slowly forwarded into 
the tubuli recti and the rele testis with the small 
quantity of liquid in which they arc suspended. 
The moving force is perhaps the passive pressure 
of liquid accumulating in the tubules which can- 
not expand because they are surrounded by tbe 
firm albuginea. In the ductuli efTerentes, the 
epithelium with cilia beating toward the epidid- 
ymis takes care of the further transportation 
of the spermia. The glandular cells devoid of 
cilia undoubtedly add their secretion to the mov- 
ing mass. 

The long, winding duct of the epididymis is 
slowly transversed by the spermia. They are kept 
here, especially in the tail, for a long time. 


sometimes for months. Here the majority of 
them lose the last remnant of cytoplasm at- 
tached to the middle piece. 

What forces are instrumental in their forward 
motion in the canal is not quite clear. Capil- 
lary forces may play a role, and a part of the 
way seems to be made through the movements of 
the spermia themselves. During ejaculation the 
contractions of the circular smooth muscles sur- 
rounding the tubules must of course be of primary 
importance. 

The thick and viscid secretion of the epithe- 
lium of the ductus epididymidis adds nutritive 
material to the spermia. As a rule, spermia taken 
from the epididymis are more resistant to en- 
vironmental changes than those from the testis. 

The spermia do not accumulate in the ductus 
deferens. This part of tbe excretory system with 
its heavy muscular coat is adapted only to their 
speeily transportation. 

The function of the seminal vesicles seems to 
be primarily glandular; their thick secretion 
is added, during ejaculation, to the mass of the 
spermia, which pass through the vas deferens 
and the ampulla into the ejaculatory ducts. 

In the process of e/aeuhticn tbe muictilar tis- 
sue of the prostate also contracts and discharges 
Its abundant liquid secretion; it dilutes the thick 
part of the semen and stimulates the movements 
of the spermia. The semen, entering the urethra 
and mixing with the secretion of the glands of 
Cbwper and Littre is thrown out through the 
contraction of the bulbocavernosus muscle com- 
pressing the bulbus urethrae. 

The spermia are believed to number about 
60,000 in a cubic millimeter of semen; each 
ejaculate on the average contains 200 to 300 
millions swiftly moving spermia. The tail per- 
forms whipping, undulatory movements; the 
spermium, therefore, advances with the head for- 
ward and simultaneously rotates around its long 
axis. Its speed is considerable — 14 to 23 p in 


a second. 

Tbe spermia are highly resistant elements. 
Under suitable conditions they may remain alive 
outside the body for several days and also in 
the excretory ducts after death. In the uterus 
and the fallopian tube, living spermia have been 
found some days after coitus. 

Besides the spermia, the semen contains de- 
generated cells, probably cast off from the epi^e- 
lium of the excretory ducts and the urethra. Oc- 
casionally, columnar epithelial cells and wan- 
dering cells of connective tissue origin may a so 
occur. There are. furthermore, round, hyaline 
bodies of unknown origin, lipoid granules, at 
times concretions from tbe prostate and a multi- 
tude of fat, protein, and pigment granules. When 
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{lie semen cools an<l liegins to dry, peculiar crys- 
tals of various /orms develop— llie sp<rBUa 
cnstals of Bottcher. Tiiey are believed lo con- 
sist of pliospliate of spermin 
It lijs been claimed tlial tlie different com- 
ponents of the semen are di«cJiaree<! from ll>e 
urethra in a cerlnin setjucncc. With the destlop- 
meni of the erection llie slimy secretion of the 
glands of Covrper and Littrc lubricates the 
urethra. At llio beginning of the ejaculation the 
prostatic fccrcliDn js discharged first. Being alka- 
line, it neutralizes the acid teaclion of the urethra, 
Vi'hcic reronants of urine may be pre-ent, and 
the eawally acid reaction of the vaginal mucus. 
Then the masses of spermia accumulated lo the 
vas deferens and the ductus epididyinidis are 
ibrovi’n out TJie final portion of the ejaculate 
IS probably represented by the thick, alkalme, 
glnhulin-conjaining secretion of the seminal 
vesicles. In some animals {mouse) the abundant 
secretion of the seminal vesicles Is coagulated 
m the vagina hy an enzyme contained In the 
prosiatlc juice anti thus a solid plug ts formed 
in the vagina which letnpotatily occludes us 
lumen and prevents the backflow of the semen 
Histogenesis of the Testis. See p. 583. 

HEFERENCES 

Allen, E.‘ Sax ami Internal Secretions, Dalll- 
mote, 1939 

Caicnby, J. B, and Beams, H. W.. Tlie Cyto- 
plasmic Inclusions ia tli« SpermatosenesU of 
Mart, Quart, low. Mlctosc. Sc., flS), 1, 1935, 
Huggins, C.t The Physiology of ibc Pro'^taie 
Gland, Physio! Hev., (25), 281, 1915. 
Huggins C., Ma^ma, M. H , Eichelberger, L,, 
and 'Wharton, J. D,: Quantitative Studies of 
Prostatie Secretion, Jour. Exp. Med. (70), 
513, 1939. 

Kocli, F. C.; Tlie Male Sex Hormones, PJiysiol. 
Rev., (17), 153, 1937 

RUckhn. C. C , and AlackUn, M. T The Seminal 
Vesicles, Prolate and Bulbo urethral Glands. 
In Cowdry's Special Cytology, 2d ed.. New 
York, (3), 1771, 1932 

Metx. C. W.- The Male Germ Cells In Cow- 
dry's Special Cytology, 2d ed.. New York, (3), 
1727, 1932 

Moore, C. R.-. Tlve Physiology of the TesUs and 


Appltcaiuiii of Male Sex Hormone, Jour. Urol., 
(47>, 31, 1942. 

Moore, C R.' Biology of the Testes: Allen. E., 
Second Internal Secretions, (2d Edition 1,353, 

im 

Moore, C R., Price, D, and Callaglier, T. F.: 
Rat Prostate Cstology as a Testis Iwrmone In- 
dicator and the Prevention of Castration 
Changes by Testis Extract Injections, Amer. 
Jour. .Uat., (45), 71. 1930. 

Painter, T, S.. Studies in Mammalian Spermat- 
og;ene«is. Jour. Exper. Zool., (37), 3, 1923. 

Price. D.: Normal Development of the Prostate 
and Seminal Vesicles of the Rat with a Study 
of Experimental Po«t-nalaJ Modifications, 
Amer. Jour. Anal., (60), 79, 1936. 

Rasmussen, A. T.: lnter«{itial Cells of the Testls- 
In Gowdry's Special Cytology, 2d ed.. New 
York, (3). 1673, 1932. 

Riddle. O : Factors in the Development of Sex 
and Secondary Sexual Cfiaracteristics, Physiol. 
Rev , (ID, 63. 1931. Endocrine Aspects of the 
Phy siology of Reproduction. Ann. Rev. Physiol,, 
(31,573, 1911. 

Romeis B.: Hoden, samenableitende Organe 
und acces«onsche Ge^lilecbtsdriisen, Handh. 
der norm, und pathol. Physiol., etc. Berlin, 
(H), 69). 1926. 

Rubasclikin. W . Ueber die Urgcscblecbtzellen 
bei Sdugetieren, Aivat. Uefte, (39), 1909. Z«t 
Lehre von der Keimbahn bet sriugetieren Ueber 
(lie Entwlcklung der Keimdiusen, Anat. Hefte, 
(461,313. 1912. 

Scott, W. AV.' The Lipids of the Prostatie Fluid, 
Seminal Plasma and Enlarged Prostate Gland 
of Man, lour. Urol, (53), 712, 1945, 

Stieve, H . Enlwickliing, Bau and Bedeutung dec 
Keimdrusenzvvischenzelien, Ergebn d. Anat. 
u. Enlw'cklngsgesch , (23) , 1, 1921. Mannliclve 
Gemtalorgane. In v, MoIlendorfTs Handb. der 
mikr Anat. ties Alenschen, Berlin, (7), Pt. 2, 
19.W. 

Watdeyer, ’W.: Dxe GesclileclilszeBen, Hertwig’s 
Handb d. vergl. u. exp. Embryo), (1), Pt. 1, 
Jena, 1901 

Young, Vi. C.: Die Resorption in den Ducluli 
efferentes der Maus und ihre Bedeutung fur 
das Problem der Unterbindung im Hoden- 
Nebenboden System, Zeit. i. Zellforsch. u. 
mikr, Anat., 1933. 



Chapter XXV 


FEMALE GENITAL SYSTEM 


The female genital organs consist of the 
ovaries, a system of excretory ducts (tlie 
oviducts, the uterus and vagina), and the 
external genitalia. 

TnE OVARY 

' The human ovary' is a slightly flattened 
bean-shaped body measuring 2.5 to 5 cm. 
in length, 1.5 to 3 cm. in \Yidtli and 0.6 lo 
1.5 cm. in thickness. One of its edges, the 
hilus, is attached by the raesovarium to the 
broad ligament uhich extends laterally 
from the uterus. The free surface of the 
ovary, although bulging into the peri- 
toneal cavity, is covered by a “germinal 
epithelium” instead of mesolhelium. TItc 
ovary undergoes continuous, complex 
changes during the period of sexual aclh'- 
ity. Embedded in its interstitial connec- 
tive tissue are the follicles in uhicli the 
female sex cells, the ova, develop. When 
the follicles reach maturity they rupture 
on the surface of the ovary and the ova 
gain access to the open end of the oviduct. 

The thick peripheral layer or cortex of 
llie ovary contains the follicles and sur- 
rounds the medulla (zona vasculosa) ex- 
cept at the hilus. The medulla consists of 
loose connective tissue and a mass of con- 
torted blood vessels which are large in 
proportion to the size of the ovary. At the 
hilus strands of smooth muscle fibers ex- 
tend in from the mesovarium. 

Certain vestigial organs are found in connec- 
tion with the ovary. The most important of them 
is the epoopharon. It consists of several parallel 
or divergent tubules, located in the mesovarium, 
running from the hilus of the ovary toward 


the oviduct and fusing into a longitudinal canal, 
which is parallel to the oviduct. AU these tubules 
end blindly; they ore lined by a low cuboidal 
or columnar, sometimes ciliated epithelium, and 
are surrounded by a condensed connective tis- 
sue layer containing smooth muscle. The lateral 
end of the longitudinal duct sometimes ends in 
a cystlike enlargement — the hydatid of Morgasni 
—while its inner end may extend far toward the 
uterus as the so-called duct of Gartner. Between 
the epooplioron and the uterus in the tissue of 
the hroad ligament, especially in the fetus, 
Inegular fragments of epithelial tubules— the 
paroophoron — may be found. Tfie epoophoron is 
the rudiment of the genital part of the meso- 
nephros and corresponds to the epididymis of 
the male. The paroophoron is the remtiaoi of the 
caudal part of the mesonephros and corresponds 
lo the paradidymis in the male. 

Gcrminnl EpUhcliiim. The epb 
(helium covering the free surface of the 
ovary is called (he “germinal epitlielium 
because in the embryo ova appear to arise 
from it (p. 583) . In the infant it is a sim- 
ple cuboidal or columnar epithelium. In 
the adult its cells gradually become lower 
and are sometimes flattened when put 
under tension. A basement membrane be- 
tween this epithelium and the underlying 
connective tissue cannot be detected. In 
vitally stained animals the cells of the 
germinal epithelium store masses of dye 
granules in the infra-nuclear zone. Be- 
neath this germinal epithelium is a layer 
of dense connective tissue— the tunica al‘ 
buginea. 

Follicles, The younger the individual, 
the more numerous are the follicles. In 
the newborn infant the follicles in botli 
ovaries were believed lo number 400,000. 
How'ever, a study of serial sections of the 
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Fig. 47S. Transfction of the ovary of Vacacus rhesus. Retouched microphotograph. 42 X- 
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ovaries from a normal mature woman of cumulation of small mitochondria, the 
twcnty-t^vo years revealed a total of 420,- cytoccnlrum and the Golgi net. The ovum 
000. Their number decreases progres- in the primary follicle lacks a membrane; 
sively throughout life and at the meno- it is separated from the adjacent intersti- 
pause they are hard to find. Most of this lial tissue by a single layer of flattened 
decrease is due to ate5io (pp. 554-556). follicular cells, 7 to 10 of ivhich appear in 
A few may persist even in old age. a section. 

Primary Follicles. Tlie vast majority Growing Follicles. The progressive 
of the follicles arc primary follicles. Tliesc development of a primary follicle consists 
are found mainly in the peripliery of the in grontli and changes in the ovum, fol- 


f ni n o mft bm 



Fig. 476. FoUicIe in the first stages of growth from ovary of adult woman; /, Follicular cells with 
mitochondria, nl, nucleolus of ovum; n, nucleus of ovum; o, protoplasm of ovum; nuf, perinuclear 
accumulation of mitochondria (jolk nucleus) ; bm, basement membrane; i, interstitial connective 
tissue; bv, blood vessel. Anihne-acid fuebsin stain. 780 X« From n preparation of C. M. Bensley. 
(A.AJVL) 

cortex and in young individuals they form Ucular cells, and the adjacent connective 
a thick layer immediately beneath the tissue, 

tunica albuginea. Tliey are probably the As the egg increases in size, its nucleus 
source of all the other follicles in pri- enlarges and the mitochondria become 
mates. more or less evenly distributed in the cy- 

The primary follicles are spheroidal foplasm. Later, yolk granules of two kinds 

bodies about 45 ^ in diameter, "nte center appear (Lewis) (Fig. 481). When the 
is occupied by the large round egg cell or ovum reaches a diameter of 60 to 80 /i, a 
ovum. Its vesicular nucleus has a slightly refracliie, deeply staining cell membrane 
eccentric position and contains a loose appears. It is called the zona pelluot o 
network of linin threads with small chro- and is probably elaborated by both t e 
matin granules and a large chromatin nu- ovum and the surrounding follicular ce s. 
cleolus. At that side of the nucleus with It gradually gains in thickness. ^ 
the larger amount of cytoplasm, is an ac- The growing follicle enlarges main y 
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through the mitotic proliferation of the 
folHcuiar cells. The few squamous cells of 
the primary follicle turn first into a layer 
of columnar cells surrounding the ovum 
(Fig. 476) and then into a stratified ep- 
ithelium which thickens more rapidly on 
one.side of the ovum. The follicle assumes 


amount of this liquid causes a further in- 
urease in the size of the follicle wliich is 
now a graafian follicle. In the human 
ovary, the separate cavities usually flow 
together and the resulting vesicle has a 
stratified epithelial lining of follicular 
cells which is thickened on one side. Tliis 
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Fig. 411. Crowing follicle from human ovarf: o. Ovum alreatl) % of its full size; n, its nucleus; 
sp, zona peilucida; f, follicular epitliclium with mitochondria, v, vacuoles of Call-Exner; Th, theca 
folhcuii touler anti inner iajer not diffcrcnlialed as jet); bv, blood vessels wuh erjthrocjies; 
bm, basement membrane; m, mitosis of lolbcular cell. 375 X- (From same section as Fig. 476.) 
(A.A.M.) 


an oval form with the ovum eccentric in 
position. Follicles in the deeper zones of 
the cortex ate the first to develop and they 
expand toward the medulla (Fig. 475). 

When the follicle is about 0.2 mm. in 
dsameter, several irregular spaces fllled 
'\ilh the clear liquor follicnli appear be- 
tween the follicular cells. The increase in 


is the cumulus oophorus which surrounds 
the ovum. The follicular cells have a col- 
umnar or poljhedral shape; where the 
liquor accumulates betAveen them they are 
angular or stellate and are connected with 
one another by their processes. 

In groAving follicles, round darkly stain- 
ing bodies {of Call-Exner) surrounded 
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l)y follicular cells may be found. Tliey 
probably represent neu' centers of secre- 
tion of follicular liquid. In tissue cultures, 
the follicular epithelium shows both con- 
nective tissue and epithelial characteris- 
tics. 

A follicle of 0.4 mm. in diameter has a 
decided polar structure (Fig. 475). The 
ovum is nearly full grown and is cm- 


At first the spindle-shaped cells and 
reticular fibers are arranged in several 
concentric layers around the basement 
membrane. Later this capsule becomes 
subdivided into two layers. In the theca 
interna, the layer immediately surround- 
ing the basement membrane, an increas- 
ing number of blood capillaries develops, 
and when the follicle has become a vesicle 



externa and interna. 20 X- From same ovary as Fig- 476. (A.A.M.) 


bedded in a solid mass of follicular epi- 
thelial cells — the cumulus oophorus or dis- 
cus proUgerus — which protrudes into the 
large, liquid-filled cavity. On the other 
side the stratiHed epilhehvm forms a con- 
tinuous, even layer. Meanwhile the con- 
nective tissue surrounding the growing 
follicle differentiates into a capsule, the 
theca iolliculi, which is separated from 
the follicle by a basement membrane 


of 2 to 3 mm., the connective tissue cells 
increase in size and become loosely ar- 
ranged. The theca externa or outer layer 
keeps its dense structure of concentrically 
arranged, fusiform cells and thick fibers. 
As the follicle continues to enlarge, th«e 
layers become more and more prominent. 
There is no sharp limit between the two 
layers of the theca or between the theca 
wclerna and the surrounding stroma. 
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The follicle continues to grow due to 
the rapid mitotic proliferation of the fol- 
licular epithelium and to the progressing 
accumulation of the follicular liquid. If a 
foUicIe is to reach maturity and rupture, 
it must gradually extend touard the free 
surface of the ovary. The cause of this is 
probably the ecceitlric development of the 
theca interna, \vliich is thicker and looser 
on the outer side of the follicle. 


or is beginning to involute. In the human 
ovary a lO-mm. follicle has been found 
with a nortnal ovum developing the first 
polar body. 

Hie protein-containing follicular liquid 
appears finely granular in fixed sections. 
4110 follicular epithelium lining the cavity 
is often called the membram granulosa 
and is intimately adherent to the glassy 
membrane which separates it from the 


m 



Fig. 473. Pari o( the of the large follicle ta Fig, 478, under higher magnification: /, Follicular 
epithelium; bm, basement membrane; Tht, cells of the iheca interna; bv, blood vessel; The, cells 
of the theca cKtetna. m, mitosis of foilicatar epithelial celt; L, cavity of foUscle, all cells contain 
mitochondfia. 780 X, reduced to %. (A.AM.) 

Mature Graafian FolUcIcs. The ma- 
ture follicles are large vesicles which oc- 
cupy the thickness of the ovarian cortex 
and bulge on the free surface of the or- 
gan. The liquid in the follicular cavity is 
under considerable pressure and the outer 
part of the wall is ver> thin. 

It is believed that a follicle requires 
about ten to fourteen days to reach matur- 
ity. Even with careful study it is some- 
what difficult to determine whether a fol- 
licle IS still gtov.ing. has reached maturity, 


connective tissue capsule (fAeco) of the 
follicle. Between the polyhedral cells of 
the inner lajers of the membrana granu- 
losa, intercellular vacuoles are common. 
Mitotic figures gradually decrease in num- 
ber among the granulosa cells in later 
stages. The connection of the ovum with 
the membrana granulosa is further loos- 
ened by the development of new liquid- 
filled intercellular spaces in the cumulus. 

A layer of columnar follicular cells re- 
mains attached to the ovum: near matur- 
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by follicular cells may be found. They At first the spindle-shaped cells and 
probably represent new centers of secre- reticular fibers are arranged in several 
tion of follicular liquid. In tissue cultures, concentric layers around the baseroent 
the follicular epithelium shows both con- membrane. Later this capsule becomes 
nectivc tissue and epithelial characleris- subdivided into t«'o layers. In the iheca 
• MUerna, the layer immediately surround- 

A follicle of 0.4 mm. in diameter has a ing the basement membrane, an increas- 
decided polar structure (Fig. 475). The ing number of blood capillaries develops, 

ovum is nearly full groun and is em- and when the follicle has become a vesicle 
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Fig. 4T8. Large follicle <5 mm. in diameter) from human ovarv (eighteenth day of mensiwal 
cycle) ; ep. Surface of ovary with gertntnal epithelium; L, follicular liquid; p!, primary (olliri®. 
Cooph, cumulus oophorus o'lth ovum; alb. corpus albicans; Gr, membtana granulosa; Th, theca 
externa and zntema. 20 x. From same ovary as Fig. 476, (AA.JI.) 

bedded in a solid mass of follicular epi- of 2 to 3 mm., the connective tissue cells 
thelial cells — Xhe cumulus oophorus or dis- increase in size and become loosely ar* 
cus proUgerus — which protrudes into the ranged. The llteca externa or outer 
large, liquid-filled cavity. On the Other keeps its dense structure of concentrica y 
side the stratified epithelium forms a con- arranged, fusiform cells and thick fibers, 
tinuous, even layer. Meanwhile the con- As the follicle continues to enlarge, these 
nective tissue surrounding the growing layers become more and more prominent- 
follicle dilferentiates into a capsule, the There is no sharp limit between tlie t«o 
theca folliculi, which is separated from layers of the theca or het^veen the theca 
the follicle by a basement membrane, externa and the surrounding stroma. 
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may degenerate at any stage of develop- 
ment from primordial follicles. 

Uuplure of Graafian Follicles. Ovn* 
iation. The follicular fluid accumulates 
faster than the follicle grows and so the 
superficial part of the folUcuW wall, 
bulging on the surface of the ovary, be- 
comes progressively thinner. Tl^e follicu- 
lar fluid rvhich forms just before ovulation 
IS more watery than the rest and appears 
to be secreted at a rapid rate (Robinson) . 
The blood vessels are compressed and the 
small spot at the apex of the bulging 
finally opens (Fig- 482). 

Through the small opening in the wall 
of the follicle on the free surface of the 
ovary, the follicular liquid oozes out info 
the peritoneal cavity. Tlie ovum, wliose 
connections nhh the cells of the cumulus 
oophorus were loosened in the last sUges 
of development, is torn away nilh the co- 
rona radiata from the cumulus and U dis- 
charged wiih the liquid. The immediate 
cause of the rupture of the follicular wall 
is not known. In women it usually occurs 
spontaneously in the internienstrual pe* 
riod. 

This process ^vhich frees the ovum and 
enables it to meet the male sex cell for the 
purpose of fertilization, is called “ovula- 
tion.” Each lime one ovvim is set free, in 
some cases, two or rarely even more. 
Sometimes the maturation of a follicle 
with consequent ovulation occurs allcr- 
natelv m both ovaries, but the same ovary 
may de\ elop a follicle several umes in suc- 
cession. In the human female a follicle 
ripens at intervals averaging twenty-eight 
days, although variations of a week or 
more are common. Cjcles of typical duta- 
tion not associated with osTilation may oc- 
cur. It is probable that the fimbriae of 
the tube closely invest the ovary at the 
time of ovulation. 

Maturation of the Ovxitn, Tlie ova in 
tlie ovary of an adult mammal are in the 
period of growth and are called prinutry 
ovot:yte3; they arehomologues of primary 


spermatocytes. Tlie period of growth in 
ovogenesis is folloucd by a period of 
maturation in which the primary ovocyte 
undergoes two successive maturation divi- 
sions. The resulting four cells have a hap- 
loid number of chromosomes. Of these 
four ova with haploid nuclei, only one de- 
velops into the mature ovum. The other 
three are thrown ofT as rudimentary struc- 
tures and degenerate (Fig. 483). 



Fig. 451. Photomicrograph of living huccian 
ovum. Note >olfc granules. Tl-je nucleus ts not 
MsiWe The ■aona pelluctda appears as a bright 
J3>er. 450 X- Courtesy of W. H. Lewia. 

Tlie first maturation division begins shortly 
before ovulation Although the chromatin is 
equally divided between the daughter cells, one 
of thenj, the secondary ovocyte, receives practically 
all the cytoplasm of the moilief cel!; the other 
becomes file first polar body — an abortive secon- 
dary ovocyte which degenerates. 

Immediately after the expulsion of the first 
polar body, the nucleus of the secondary ovocyte 
enters the second fneiouc division. The spindle 
remains at the mCtaphase and the division is 
not completed until fertslization. The chromatin 
mass is divided equally hut the bulk of the 
cytoplasm is again retained by one daughter 
cell — the mature ovum (corresponding to the 
cpermaiitl). The other daughter cell is the 
small, abortive setoml polar body. In the human 
subject incomplete observations on the forma- 
tion of the polar bodies have been published. 

In almost all mammals the first polar body Is 
formed while the ovum is still in the graafian 
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ity these cells become tall and conspicu- 
ous, forming the corona radiata, which is 
believed by some to have- protective and 
nutritive functions similar to those of the 
Sertoli cells in the testis. 

The ovum in the mature follicle reaches 
a diameter of 120 fi or more. Its surface 
is immediately surrounded by a thick 
membrane — the oolemma or zona pel- 
lucida. A “perivitelline space” between the 


in the mature ovum. In the living state 
yolk granules of various sizes and colors 
are uniformly distributed through the cy- 
toplasm (Fig. 481). 

In the matuie follicle the connective tis- 
sue capsule reaches its highest develop- 
ment. Its theca externa consists of con- 
centrically arranged fibers and fusiform 
cells and contains large blood vessels. The 
theca interna is composed of large poly- 


Mitosis of follicular cell 



Fig. 480. The ovum of the follicle in Fig. 478 with the surrounding follicular cells under higher 
magnification. 375 X> (AA.M.) 


oolemma and the ovum has not been dem- 
onstrated in the mammalian egg prior to 
polar body formation. The cytoplasm of 
the human ovum contains some yolk gran- 
ules and in fixed material its peripheral 
layer is quite clear. The eccentric nucleus 
(vesicula germinativa) measures 25 p in 
diameter, has a thick membrane, a slightly 
granular linin network, and a large chro- 
matin nucleolus— the macula germinativa. 
A cytocentrum has not been been found 


hedral cells with oval nuclei and fine 
lipoid droplets in their cytoplasm. These 
are modified connective tissue cells. Be- 
tween the large cells of the theca interna 
is a network of thin fibrils continuous 
with those of the theca externa and the 
rest of the ovarian stroma. There are 
many capillaries in the theca interna, close 
to the basement membrane. 

Upon reaching maturity the follicles 
either rupture or involute, but follicles 
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Fig. 483. Diagram of the developmenl of the male (left) and of ihe female (right) sex cells. Redrawn 
after Boeri 



Fig. 481 Ovum from mature follicle of guinea Vs. wth its corona radiala, thick zona pellucida and 
the first polar spindle. 530 X. Redrawn after Rubaschkin 


membrane granulosa is thrown into folds 
and appears considerably thickened. The 
follicular epithelial cells and the cells of 
the theca interna change into large pale- 
staining cells, somewhat like those of the 


suprarenal cortex. The former follicle is 
now called the corpus luteum. The cavity 
now has an irregular, stellate shape. The 
theca e.xterna keeps its regular, ovoid out- 
lines (Fig. 486) while the theca interna, 
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follicle. The nuclear membrane dlsMilves and 
the chromatin material appears as tetrads occupy- 
ing the equator of an achromatic spindle devoid 
of centrioles at its apices. Because of their 
small size and dense grouping it is difRcult to 
count the tetrads. It is certain, however, that 
their number is one half of the somatic chromo- 
some number of the respective species. The num- 
ber of tetrads in tlie first maturation spindle in 


remain in the ovum; this nuclear material does 
not seem to return to the resting stage. The sec 
ond maturation spindle is formed at once and the 
21 dyads are arranged on the equator. The spindle 
again assumes a radial position at the surface 
of the egg cell and the second polar body is formed 
in much the same way as the first. It contains 
24 single chromosomes — the haploid number of 
the human species. The same number of chromo- 
2 3 



Fig. 482. Several frames of a moving picture film of ovulation in the rabbit. I, Follicular exudate 
with blood of a ruptured follicle at B, and a secondary cone is starling to form at apex of large follicle 
in profile (A), 2, Apical cone, very large and clear, with blood lake showing at tip. 5, Sudden rupture 
of large follicle (profile). Note clear gelatinous material with secondary flow of blood obscuring it. 
(Eight seconds between 2 and 3.) 4, Follicular exudate still attached to follicle below; the ovum is 
surrounded by follicle cells. 5, Iliglier power view of ovum of 4, the zona pellucida fils tightly about 
the vitellus; the corona radiata ts clearly defined, (i, 2, 3, Taken with Tessar lens; 4, with 16-mm. 
objective, and 5, with 4-mm objective Slightly leiouched.) After Hill, Allen and Kramer, 1935. 


the human ovum seems to be 21. In the moose 
it is 20 

The spindle assumes a radial position near the 
surface of the egg cell and then its outer half, 
surrounded by a small quantity of cytoplasm, 
protrudes from the ovum. After metakinesis, this 
small protoplasmic bud, together with its nuclear 
material, is pinched off as the first polar body 
and remains between the ovum and the zona pel- 
lucida, It contains 24 dyads. The other 24 dyads 


somes remains in the egg cell. They form the 
egg nucleus and now the ovum is mature. 

Transformation of the Graafian 
Follicle after Rupture. The Corpus 
Lutcum. After the rupture of the follicle 
and the discharge of the liquor and the 
ovum with its corona radiata, the wall of 
the follicle collapses, and tlie epithelial 
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been given \he name of theca lutein cells 
{parahtein cells). There are no transi- 
tions between these two types of lutein 
cells. 

The granulosa lutein cells have a clear, 
slightly vacuolated cytoplasm, conttain a 
distinct cylocentrum in the vicinity of 
the nucleus, mitochondria, and a Golgi 
net. The theca lutein cells are smaller and 
more highly vacuolated in ordinary sec- 


Tiie polyhedral lutein cells are sur- 
rounded by a network of sinusoidal blood 
capillaries with a thin endothelium. They 
seem to be arranged in radial cords or 
strands. Between them networks of retic- 
ular fibers can be revealed by appropriate 
methods (Fig. 487), 

If the ovum is fertilized, the corpus lu- 
leum passes through a period of growth 
and a period of regression. The corpus 


Theca lutein 
cells 



Fjg. 4a6. Corpus luteiim from human ovary. Phowmicrograpb. 21 Xt reduced to 


tions. The granulosa lutein cells contain 
phosphalids and cerebrosids and lutein 
pigment. In the peripheral layers, espe- 
cially in the theca lutein cells, cholesterol 
esters occur. Active and regressing cor- 
pora lulea give a greenish phosphores- 
cence in ultraviolet light. According to 
Popper (1941) this is due to vitamin A. 
In vitally stained animals the lutein cells 
may contain granular dye inclusions in 
regressive stages of tlieir development. 


luteum of pregnancy grows larger than 
that of menstruation and its lutein cells 
reach a larger size. The lutein and neutral 
fat content of the lutein cells is much less 
than in the corpus luteum of menstruation 
and the color is not as yellow as ii is in 
later stages. Involution of the true corpus 
luteum usually begins at the fifth or sixth 
month ol gestation. Alter delivery it pro- 
ceeds rapidly in qualitatively the same 
way as in the corpus luteum of menstrua- 
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on the contrary, loses tliem. At the base of 
tlie folds of the granulosa, the cells of the 
theca interna accumulate in triangular 
masses, ivhi/e between the folds they arc 
scarce or absent. 

The details of development of the corpus 
luteum depend on whether its o\'um is fer- 
tilized or not. In the former case the corpus 
luteum becomes a corpus luteum of preg- 


characteristic lipoid pigment, lutein, is at 
first found only in traces. Simultaneously 
the spindle-shaped cells of the theca in- 
terna, and with them a multitude of capil- 
lary sprouts, penetrate radially into the 
thick layer of follicular cells. When these 
connective tissue elements reach the inner 
surface of the folded granulosa layer, they 
rapidly form a very loose, gelatinous 



Fig. 485. Early stage ot tormation of human corpus luteum. Capillaries invade the gramilosa, which ts 
transturnied into a layer of lutein cells. Redrawn from R. Meyer. 


nancy, in the latter ca«e a corpus luteum of 
menstruation. 

The principal role in the formation of 
the corpus luteum is played by the epi- 
thelial follicular cells. They begin at once 
to hypertrophy and in a few days attain 
a considerable size. The cell body becomes 
polyhedral; the nucleus also swells and 
assumes a spherical form with a coarse 
chromatin network, and one or two nu- 
cleoli. Mitoses may be found, but are rare. 
Such hypertrophied follicle cells are 
called grflnu/05fl lutein cells, although the 


connective tissue, which covers the inner 
surface of the wall and leaves a .«!pace free 
in the center. This is filled with the re- 
mains of the liquor folliculi, transuded 
serum, end a varying, usually small num- 
ber of exlravasaled erythrocytes. The 
large, lipoid-containing, epithelioid cells 
of the theca interna remain scattered at 
the periphery of the folded layer of lutein 
cells and accumulate in the angle of the 
folds (Fig. 486). Their aspect and their 
inner structure are similar to those of the 
granulosa lutein cells. They have therefore 
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sexual life, and is completed after the 
menopause. Every normal ovary, there- 
fore, contains degenerating follicles. j4lre- 
sia may begin at any stage of development 
0 } the f'ollicle — even in apparently mature 
ones. It is not known why a few follicles 
reach maturity and rupture while others 
degenerate at various stages of develop- 
ment. The ovum always seems to be af- 
fected primarily. 

If a primary follicle is doomed to deslrnclion, 
the ovum shrinks and degenerates. The follicular 


and collapses, but otherwise seems unchanged. 
In the substance of the degenerating ovum which 
has lost it corona radiata and floats freely in 
the follicular 1if]uid, very often small cells have 
been observed. They were thought to be cells 
of the follicular epitbelium; it is more probable, 
however, that they are connective tissue wander- 
ing cells which actively penetrate the dead ovum 
and destroy it. 

Before undergoing complete degeneration and 
disintegration, the ovum in_ an atretic follicle 
often shows signs of an atypical, progressive de- 
velopment, Maturation spindles may appear and 
lead to the formation of more or less character- 


Residue of basement membrane Connective tissue scar 




Artery 

Fig. 488. Corpus atreticum with a well developed theca iniema. from the ovary of a thirty-nine-year- 
old woman 85 X* After Schaffer. 


cells may show a tendency to engulf its debris, 
but they also degenerate quickly, after which 
the small cavity in the connective tissue stroma 
IS closed Without leaving a trace In the vesicular 
follicle the ovum and the follicular cells show 
various signs of degeneration. The conneciivc 
tissue cells of the theca interna penetrate into 
the epithelium and absorb it. 

With the increase in size of the follicle under- 
going atresia, the histologic picture* become 
more complicated and variable. The first signs 
of retrogression are always noticed in the egg 
cell. Its cytoplasm is filled witli fat droplets, it 
becomes coarsely granular and disintegrates. 
The zona pellucida is highly resistant; it shrinks 


islic polar bodies Amitotic fragmentation of the 
nucleus and divicion of the protoplasm also oc- 
cur, Tliese changes result in the appearance in 
the interior of the zona pellucida of several 
trell bodies of varying size and with more or less 
distinct nuclei. These changes have been con- 
sidered by some authors as possibly being an 
attempt at parllienogenetic development. They 
must, of course, be sharply distinguislied from 
cases of ovarian pregnancy in which an ovum 
retained in a ruptured follicle is fertilized by a 
spermium finding its way into the ovary. 

The follicular epithelium in an atretic follicle 
always degenerates. Tlie cells first affected are 
lho«e near the cavity of the follicle. The per- 
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lion; but, as the corpus lutcum of preg- cells; sometimes, extracellular crystals of hem- 
nancy is larger, it takes a longer lime be- atoidin can he found. Later, between the lutein 
fore the stage of the corpus nlhkans is ® hyaline substance appear, 

reached. The final scar is also larger, per- I 
sists longer, and through its shrinking, 

usually causes a distinct retraction of the Involution (Atresia) of Follicles, 
surface of the ovary. As the period of sexual activity in the hu- 

A considerable effusion of blood into the fob female lasts about thirty years and 

Hole at the moment of ovulation does not occur since one ovum is not discharged oftener 


Lutein cells Interatitial connective ihsue 



Fig. 487. Cross section o! the peripheral layer of a human corpus luteum of pregnancy. Stained for 
reticular fibers by the BiclschowsLy itieibod. 281 X, reduced to (A.A.M.) 


in the human subject. In the earlv stages only 
an insignificant diapedcsis of eryibrooles occurs 
in tlie wall of the collapsed follicle. 

After regression has begun the granulosa lutein 
cells show an increasing infiltration with nenttal 
fat in addition to other lipoids. As the quantity 
of pigment increases in the human specie^ the 
lutein border assumes a brighter yellow color. 
Zf there has been a hemorrhage into the corpus 
luteum, the connective tissue on the inner surface 
of the lutein cell layer organizes the blood dot; 
hemosiderin accumulates in the connective tissue 


than once a month in ovulation, the num- 
ber of ova tvhich reach maturity and are 
discharged from the ovary does not ex- 
ceed 400. The remainder of lb® 400,000 
or more original follicles gradually de- 
generate and disappear. This involution of 
a follicle is called “atresia.” It begins in 
inlra-uterine life, becomes very prominent 
at birth and before puberty, continues on 
a smaller scale throughout the period of 
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tex consists of networks of reticular fibers 
and spindle-shaped cells which resemble 
smooth muscle cells hut do not have fibrils 
in their cytoplasm. True smooth muscle 
cells have been described in the theca ex- 
terna of the follicles of the pig’s ovary. 
The cells of the ovarian stroma are prob- 
ably not common fibroblasts, for they may 
give rise to interstitial cells and, in 
ovarian pregnancy, to decidual cells. Elas- 
tic fibers occur in the cortex only in the 
nails of the blood vessels. Beneath the 
“germinal” epithelium the interstitial con- 
nective tissue is condensed into the tunica 
albuginea. The peculiar layer of stroma 
surrounding the follicles, the theca fol- 
liculi, has been described above. 

The medulla is made of loose connec- 
tive tissue with many elastic fibers, and 
accompanying the blood vessels, strands 
of smooth muscle cells. 

Interstitial Cells. Much has been 
written on the “interstitial cells” of the 
ovary. In the adult liuman ovary they are 
either absent or present in small numbers, 
as irregular cords of large polyhedral 
“epitheloid” cells scattered in the stroma. 
In postembryonic life they arise from the 
theca interna of atretic follicles. The “in- 
terstitial gland” reaches its greatest devel- 
opment in the postembryonic human 
ovary the first year of life — at a time 
when atretic follicles are most numerous. 
It involutes at puberty with the beginning 
of menstruation and the formation of 
corpora lutea. During pregnancy and 
especially at its end, it may increase 
slightly for a short time. 

In the early stages of atresia, the interstitial 
cells form a la>er around the cavity. When this 
layer is broken up later into separate cell clus- 
ters, the stress of growth changes in the slroma 
scatters the inierslitial cells m various directions, 
and their original relations to the atretic follicles 
are obscured. In the human ovary they soon de- 
generate and disappear. 

They are best developed m certain animals, 
for instance in the adult rabbit. Here tlieir cyto- 
plasm contains numerous lipoid droplets which. 
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after being dissolved in fat solvents, cause a 
typical alveolar structure of the cytoplasm. In 
contrast lo ordinary fat droplets, they are easily 
dissolved in xylol after- blackening with osmic 
acid. The large, vesicular nucleus has an eccen- 
tric position, while the center of the cell body 
is occupied by a well developed attraction sphere 
with a group of two or three centrioles Between 
the cells a delicate framework of reticular fibers, 
small spindle-shaped connective tissue cells, and 
a rich plexus of blood capillaries can be seen. 
In the adult human ovary they are smaller than 
in the rabbit and contain cholesterol esters, other 
lipoids, fat, and, when they degenerate, fatty 
acids and soaps. 

In animals with large litters (rodents) the 
development of the “interstitial gland,” also con- 
nected with atresia of follicles, may be enormous 
(rabbit). The cell foci originating from the break- 
ing up of the hypertrophied theca interna of 
atretic follicles persist, enlarge, and fuse. Through 
the continuous addition of new cellular material, 
therefore, in the adult rabbit, the major part of 
the organ is transformed into a diffuse mass of 
large, closely packed, lipoid-containing, inter- 
stitial cells, which are structurally almost identi- 
cal with true granulosa lutein cells. The remain- 
ing follicles and the corpora lutea are em- 
bedded in this huge cell mass and only a thin 
albuginea separates the latter from the germinal 
epithelium on the surface. 

In the htius of the oVary, groups of large, 
epithelioid cells can be found in intimate connec- 
tion with bundles of nonmyelinated nerve fibers — 
the so-called sympathicotrophic cells. They are 
usually considered as chromaffin or pheoclirome 
cells. TJieir chromaffin nature, however, is not 
quite certain, since the characteristic brown 
staining reaction with chromates does not always 
succeed and since their cytoplasm contains 
birefringent. lipoid inclusions (cholesterol e«ters) 
which are not typical of phcochrome elements. 

In the broad ligament and in the mesovarium, 
small accumulations of “interrenal” tissue (cor- 
tex of adrenal) have also been described. 

Vessels and Nerves. Relatively large vessels 
from the anastomosis of ovarian and uterine 
arteries enter the hilus and, branching profu«ely, 
run through the medulla. Because of their tor- 
tuous course, they were called arteriae helicinae. 
As in the corpora cavernosa penis, they may 
show longitudinal ridges on their intima. In the 
periphery of the medulla they form a plexus 
from which smaller twigs penetrate radially be- 
tween the follicles into the cortex and break up 
into capillaries. These form den«e networks in 
the theca of the larger follicles at the surface of 
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ipheral cell adjacent to the hasement mcmhrane, 
as well as the cells of the cumulus, may remain 
aihe for a considerable time and are e\en said 
to show mitoses. The retrogressive changes arc 
manifested in chromatolysis of the nucleus and 
fatty or hyaline degeneration of the cytoplasm. 
Tlie cells round off, shrink, and float in the liquor 
folHculi as small, round particles; they contain 
deeply-staining granules of chromatin. 

At a very early stage of atresia, at a time when 
the follicular epithelium may still seem normal, 
hut undoubtedly is already changed, the connec- 
tive tissue elements of the theca and blood 
vessels penetrate the basement membrane in 
many places and invade the degeneralins epithe- 
lium. The cavity of the follicle col}ap«es, its 
outlines, marked b) the basement membrane. 


Jets. Tliey are identical with the theca lutein cells 
described above, hut reach a higher degree of 
development in the atretic follicle. 

The cavity of the atretic follicle, containing the 
collapsed zona peliucida and connective tissue, 
is now surrounded by a broad, festooned layer 
of epithelioid, Upoiii-contyiniDg theca interna 
cells, arranged in radial cords and provided 
with a rich capillary network. The microscopic 
aspect of such an atretic follicle is similar to 
an old corpus luteum; therefore, such structures 
have been called corpora lulea atretica. The main 
differences are, of course, the presence of the 
degenerated ovum in the center of an atretic 
follicle and flie degenerate granulosa cells. 

Tlie ultimate fate of an atretic follicle is 
shrinkage. Strands of fibrous connective tissue 


s /■ 
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Fig. 4S9. Atretic follicle with higlily developed glassy membrane, SI/, which is partly broken 
through. £■, Hesidue of the ovum; F, fibrin-like network whleli is the residue of the follicular cavity; 
G, scattered granulosa cells; 0, zona peflucida; Si, invading stroma with vessels; Ti, cells of the 
theca interna. Ovar>’ of a young woman: Malfory’a connective tissue stain. 85 X- After Schaffer. 


become wav), and the cavity is filled by a large 
number of fibroblasts, wandering cells and blood 
capillaries. Some of these elements in vitally 
stained animals accumulate granular dje inclu- 
sions. The remnants of the degenerated, follicular 
epilhehum are rapidly resorbed. The folded and 
collapsed zona peliucida remains alone amid the 
connective tissue elements. 

Simultaneously, tlie theca interna undergoes 
important changes fFig 489, 0> The folded 
basement membrane which separates it from the 
epithelium often increases in thickness, and is 
transformed mlo a layer of hyaline substance. 'live 
large cells of the theca interna increase further 
IB size and are usually arranged in radial groups 
or strands, separated from one another by par- 
titions of smaller, fusiform cells, and fibers (Fig. 
488). The cells acquire a typical epilhelwid 
character and are filled nitli hpoid and far drop- 


penetrate, together with blood vessels, through 
the hyaline membrane (Fig. 489, SM) into the 
interior, and compress and destroy the remains 
of the degenerated elements The resulting scar 
with Its hyaline streaks sometimes resembles a 
corpus albicans, but is usually much smaller 
and sooner or later disappears in the stroma of 
the ovary. 

The layer of hypertropliic theca interna cells, 
wliicli surrounds the cavity of the atretic fol- 
licle, is broken up into separate cell island* 
of various forms and sizes by the invading strands 
of fibrous tissue. These islands are irregularly 
scattered in the stroma and may persist for a d*"®* 
They constitute the so-called “interstitial gland 
of the ovary (see following levt) . 

Stroma. The interstitial connective tis* 
sue or stroma oi the huntan ovarian cor- 
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ing, the infundibulum, whose edge is split 
into many fringes, the fimbriae, the 
largest of which extends toward the ovary. 
The ampulla continues into the narrower 
isthmus adjoining the uterus. The part of 
the tube traversing the Avail of the uterus 
is the pars interstitialis. 

The wall of the oviduct consists of a 
mucous membrane, a muscularTayer and 


It is highest in the ampulla and dimin- 
ishes in height toward the uterus. It con- 
sists of tAvo kinds of cells. One of these, 
especially numerous on the fimbriae and 
ampulla, carries cilia (Fig. 491) Avhich 
beat toAvard the uterus. The other is 
devoid of cilia but is of glandular nature 
and contains granules. The secretion prob- 
ably provides the ovum Avith nutritive 











. “ -i- i 


Fig. 491. Epithelium of human fallopian lube showing physiologic changes: o, Jlidmterval; 6, late 
jntenal; c, premenstrual; d, pregnancy. 700 X. After Snyder. 


an external serous coat. The mucous mem- 
brane in the ampulla is thick and forms 
numerous, high, branched folds (Fig. 
490). In transection the lumen, therefore, 
looks like a labyrinth of narroAv spacra 
belAveen epithelium-lined partitions. In 
the pars islhmica the longitudinal folds 
are much smaller. In the interstitial part 
they are reduced to low ridges (Fig 492). 

Tlie epithelium is of the simple, some- 
times pseudostralified, columnar variety. 


material and in some species Avith an 
albuminous envelope. In the marsupials a 
shell as Avell as albumen are formed about 
the ova. The Iavo types of epithelial cells 
are probably merely different functional 
conditions of one element. In Avomen the 
epithelium of the oviduct undergoes slight 
cyclic changes ivith the uterine raucous 
membrane (Fig. 491). True glands are 
absent in the OA'iduct. 

The lamina propria (Fig. 492, M) of 
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the basement membrane. In comparison with 
such capillary nets, tJiat 0 / the cortex is very 
coarse. The veins accompany the arteries; in 
the medulla they are Very large and tortuous 
and form a plexus in the lulus. 

Networks of lymph capillaries arise in the 
cortex, especially in the theca externa of the 
large follicles. Lymph vessels with vaUes ore 
found only outside the hllus. 

The nerves of the ovary are derived from 


the epithelium of the follicles. Sensory fibers 
ending in corpuscles, of Pacini have been de- 
scribed in the stroma. 

THE OVIDUCT on FALLOPIAN TUBE 
The oviduct, a muscular tube 1 cm. 
thick and about 12 cm. long, is at- 
tached by the mesosalpinx at the broad 
ligament to the base and side of the 



Fig. 490. Portion of a cross section through the ampulla of the tube of a twcnly-seven-jear-old 
woman: S, Mucosa, passing over without a sharp border into the muscular layer; o, artery; /, folds 
of the mucous membrane covered with ciliated epithelium and containing blood vessels, gi m, smooth 
muscle bundles cut longitudinally and in cross section at m*; r, veins. 50 X* After v. Ebner, 
from Schaffer. 


the ovarian plexus and from the uterine nerves. 
They enter the organ through the lulus, together 
with the blood vessels. They consist for the most 
part of nonmyelinated fibers; thin myelinated 
fibers are also present. Tlie presence of sympa- 
tbetic nerve cells in the ovary has not been con- 
firmed. The majority of the nerves supplies the 
muscular coat of Mood vessels. Many fibers pene- 
trate into the cortex and form plexuses around 
the follicles and under the germinal epithelium 
on the surface. It seems doubtful v»hether they 
penetrate through the basement membrane into 


pelvis; it is the proximal part of the 
mullerian duct of the embryo. Since the 
uterus arises from the fusion of the two 
mullerian ducts, the tubal and uterine 
epithelium are continuous. The myo- 
metrial mesenchyme secondarily envelops 
the uterine end of the tube and so in the 
adult the tube pierces the fundus of the 
Uterus. The abdominal part of the tube 
(ampulla) ends in a funnel-shaped open- 
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briae, together with the contraction of the 
muscles, brings the opening of the funnel 
in close contact with the surface of the 
ovary. 

The rhythmic contractions of the ovi- 
duct are probably of primary importance 
in the transport of the ovum. Contraction 
waves pass from infundibulum to uterus 
and the cilia beat in the same direction. 

The mucous membrane and its folds as 
well as the serous coat contain abundant 
blood and lymph vessels. Larger nerve 
bundles are found together with the ves- 
sels in the serous layer and in the periph- 
eral parts of the longitudinal muscle. The 


The human uterus is a pear-shaped 
organ flattened in the dorsoventral direc- 
tion and provided with a correspondingly 
flattened cavity an*d a thick muscular wall. 
Four parts may be distinguished in it: 
(1) the body (corpus uteri) with its 
rounded upper end, the fundus; (2) the 
isthmus — the middle, slightly constricted 
part; (3) the cervix — -the cylindrical 
lower part with the cervical canal; and 
(4) the portio vaginalis — the lower end, 
protruding into the vagina, and pierced 
by the cervical canal. 

The wall of the uterus consists of three 
layers: the outer — the serous membrane 



Fig 493. Section of myomeirium of a woman of Uiitty-six years. Low magnification Hematoxylin- 
eosm-azure II stain. Drawn by Miss A. Nixon. 


circular muscle layer contains a dense 
plexus of thin nerve bundles supplying 
the muscle fibers and penetrating into the 
mucous membrane. 

UTERUS 

The uterus is that part of the reproduc- 
tive passages in tvhich the ovum develops 
until the time of delivery. In the human 
subject it is single and represents the parts 
of the embryonic mullerian ducts which 
have fused in the midline. Developmental 
abnormalities range from a deep notch in 
the fundus to two intact uteri, cervices 
and vaginae. 


of the peritoneum which is found only on 
a part of the viscus; the middle — a thick 
(2 cm.) mass of smooth muscle, the myo- 
metrium; the inner — the mucous mem- 
brane, the endometrium. 

The serous membrane has the usual struc- 
ture of the peritoneum. 

Alyometrium. The smooth muscle 
fibers of the muscular layer are arranged 
in cylindrical or flat bundles separated 
from one another by interstitial connec- 
tive tissue containing isolated smooth 
muscle cells. According to the direction 
and disposition of the bundles, se%*eral 
layers of muscles can be distinguished in 
the myometrium, but are not sharply out- 
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the mucous membrane of the oviduct con* 
sists of a network of thin fibers and of 
numerous fusiform or angular cells. Won- 
dering cells and mast cells also occur, nic 
fixed cells here seem to have the same 
potencies as in the uterus. In cas« of 
tubal pregnancy, some of them may be 
transformed into decidual cells. 

No true muscularis mucosae and, there- 


ally appear in increasing quantities be- 
tween the circular bundles. They are em- 
bedded in an abundant, loose connective 
tissue with elastic networks and extend 
far into the serous layer and into the 
ligamenlum latum. Toward the uterus the 
muscularis increases in thickness. The 
peritoneal coat of the fallopian tube has 
the usual serosal structure. 



Fijr. 492. portion of the cross section of the fallopian tube of s thirty-nine-year-olu woman. 
Uterine portion (islhmusj : A, Arteries; E, ciliated epuhelium; P, Jongitudinal folds of the mucosa m 
cross section; L, longitudinal rouscle; iI/» lamina propria; IV, nerve; circular muscle; S, serosa 


covering; V, veins. 32 X- After Schaffer. 

fore, no submucous fayer can be dis- 
tinguished. The mucous membrane is im- 
mediately surrounded by the muscular 
coal, which consists of two layers of 
smooth muscle bundles. The inner layer is 
circular or spiral, the outer is longitu- 
dinal. A distinct limit between the two, 
however, does not exist because of various 
spirally directed bundles. Toward the 
periphery the longitudinal bundles gradu- 


I At the time of ovulation both ovary and 
* oviduct exhibit active movements (West- 
iman). The abdominal opening of the 
oviduct contains, in its mucosa, a ring of 
large blood vessels, especially veins, ex- 
tending into the fimbriae. Between them 
muscle fibers form a network. It is a sort 
of erectile tissue. At the time of ovulation 
the vessels are filled with blood, and the 
enlargement and turgescence of the fim* 
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Elastic networks are especially prominent 
in the peripheral layers of the uterine 
wall, at the limit between the serosa and 
the muscularis. From here they extend 
inward between the muscle bundles. The 
f innermost layers of the myometrium do 
not contain elastic fibers. The latter are. 


ence betncen ihe muscle bundles. In some cases, 
between the muscle bundles of the myometrium, 
large accumulations of epithelioid connective tis- 
sue cells with fatty and other inclusions may he 
found. They are presumably of macrophage 
nature. 

Endoinctrium. In a sexually mature, 
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Fig. 495. Mucous membrane of human uterus, eleventh day of menstrual cycle: gl. Cross section 
of gland with mitotically proliferating epithelium, bi\ blood vessel; ct, connective tissue cell of 
lamina propria; m, mitosis of same; it’c, wandering cell. 500 Xi reduced to (From the same 
mucous membrane as Fig. 491, a.) (AAM.) 

of course, found everywhere in the wall nonpregnant woman, the uterine mucosa 
of the blood vessels. In the cervix the col- is subject to cyclic menstrual changes 
lagenous and elastic elements are espe- which are closely related to ovarian ac- 
cially numerous. This is the cause of the livily. Beginning with puberty (at the 
firmer consistency of this part of the average age of fourteen) and ending with 
ulsrus. the menopause (usually at the age of 

In prccnancy ihn connecu.e iH.ue ol the fortyfi'e to fifty) every twenty-one 10 
uterus becomes more abundant and succulent, thirty-five days the mucous membrane of 
which causes a considerable loosening of coher- the corpus undergoes marked changes. 
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lined because fibers pass from one layer 
into another very frequently. 

lajmcdisteiy under the mucous membrane, a 
thin Jajer of mostly Jongitudina!, but «»me cir- 
cular and oblmue bundles may be dlstinguislted. 
This is called the stratum submucosutn. It forms 
distinct muscular nnps around the intramural 
parts of the oviducts. TIjc next layer to the out- 
side is the i!jicl.est; it is called tiie stratum 
lascufare, because it roiitains many larite blood 
vessels, cspecinUy veins, wljjrfi give it s spongy 


'Hte smooth muscle cells of the myo- 
metrium have a length of about 50 p. In 
the pregnant uterus, when the mass of the 
organ increases about 24 limes, they 
hypertrophy to a length of more than 
500 ft. In this condition there seems also 
to occur an increase in the number of the 
muscle fibers through division (Fischer- 
Wasels) and through transformation of 
the embryonic connective tissue cells and 



erf® 

,.,.is ihtougb iiumsR endometrium *i various stages of the menstrual c>'cle: a. Fol- 
licular phase, removed on day 11 of cycle; b, lutein phase, removed on day 23 of cycle; c, first day 
of menstruation; d, second dav of menstruation; e, fourth day of menstruation. 18 X* Courtesy of 
G. W. Bartelmex. 


appearance, here circular and oblique muscle 
bundles predominate. Farther outside, a layer 
with circular and longitudinal fibers follows, ihe 
stratum snpratascu/are Finally, immediately un- 
der the serous coat, there is a thin longitudinal 
muscle layer, the sfrafum subserosnn. The two 
last-named layers send out ihcir muscular bundles 
^ into the wall of the oviducts end into the broad 
and round ligamerits. 

The cervix is composed mainly of dome 
fibrous tissue in which a variable number 
of smooth muscle cells is distributed at 
random, according to Danforth. 


lymphocytes into new muscular elements, 
jcsjp^aUy in the innennost layers of the 
myometrium (Stieve). In the puerperium 
the muscle ceils show fatty infiltration 
and rapidly diminish in size. It is pos- 
sible that some of them degenerate. 

The connective tissue between the mus- 
cular bundles consists of collagenous 
bundles, fibroblasts, embryonic connective 
tissue cells, macrophages and mast cells. 
There is a typical reticulum continuous 
with the collagenous intermuscular tissue. 
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phages are not uncommon, but for some 
unknown reason they are not mobilized 
for phagocj losing extravasated Wood. 
Tills may perhaps be due to conditions 
similar to those responsible (or the fail- 
ure of blood to clot after it has been in 
contact uith die endometrial stroma. 

Tlie number of uterine glands varies 
from one individual to another and it may 
be rapidly increased by budding and 
growth toward the surface from the basal 
zone (O’Leary). Such buds which do not 
reach tlie surface become dilated (c)-stic) . 
The glands seem to vary in their prox- 
unity to one another during the cycle. 
This is due largely to changes in the diam- 
eter of die glands and in the amount of 
stromal ground substance (Fig. 404). 

The uterine mucous membrane is firmly 
bound to the underlying myomelrium. 
Occasional strands of endometrium are 
seen extending down among the muscle 
bundles. Under pathological conditions 
the mjometrium may be extensively in- 
vaded in this manner (adenomyosis). In 
old age, the endometrium, together with 
the other parts of the genital system, 
atrophies and becomes very thin; the 
glands may become partly obliterated and 
form small cysts. 

Endometrial Blood Supply. Certain 
arteries pass through the myomelrium 
and basal endometrium with hut few 
branches, to spread out into a rich capil- 
lary bed superficial!). These vessels are 
more or less contorted, and are termed 
“coiled arteries.” During most of the 
c>cle they constrict and dilate rhythmic- 
all), so that the surface is alternately 
blanched and suffused with blood 
(Marhee). The basal half of the endo- 
metrium is supplied by arterioles with 
many branches which supply a dense 
cajiillary bed in the endometrium and the 
adjoining myometrium. The zone of endo- 
rnelrium between the superficial and basal 
circulations is supplied by vessels inter- 
mediate in form and has a coarser capil- 


lar)' mesh. The thin-walled veins form an 
irregular anastomosing net with sinu- 
soidal enlargements at all levels. 

Endoniclrial Cycle. Four phases of 
activity can be recognized in the endo- 
metrial c)cler I. The follicular phase 
comprises the first half of the cycle and is 
typically associated with a rapidly grow- 
ing graafian follicle, n. Progravid (lutein 
phase), is usually associated with an 
active corpus luleum. III. Ischemic phase, 
when little blood flows through the coiled 
arteries. IV. Menstrual phase, associated 
with endometrial damage and extravasa- 
tion. 

I. The jolliciilar phase usually be^ns 
at the end of a menstrual flow and is 
char^ferized by 'numerous mitoses in all 
endometrial tissues. The glands in the 
superficial two thirds or more are 
straight with narrowlumina (Fig. 494, a). 
The secretion accumulates in the glands 
and their luinina widen as they become 
wavy in form. Glycogen is present in the 
gland cells but only a thin mucoid is 
secreted at tins time. The abundant stroma 
is rich in tissue mucoid. Coiled arteries 
are not found in the superficial one-third, 
which has only capillaries and venules. 

The phase of hyperplasia may continue 
for a day or two after ovulation which is 
believ'ed to occur usually between the 
tenth and sixteenth days after the onset 
of a menstrual period. There may be a 
brief halt in the thickening of the endo- 
metrium at this time, a diapedesis of 
erythrocytes may occur under the surface 
epithelium, and some blood may occasion-' 
ally enter the uterine lumen and reach the* 
vagina. Tin's has been termed intermeii' ( 
strual bleeding. According to some it cor- 
responds to tbe estrous bleeding of the 
dog. 

II. During the progravid phase the 
thickening of the endometrium is due 
largely to the increase of secretion and 
edema fluid. The glands become tortuous 
and then irregularly sacculated, i. e., “pro- 
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These culminate in its partial destruction, slightly branched in a zone adjacent to 
^vhich is accompanied by a more or less the myometrium. They are separated from 
abundant ejttravasation of blood and ap- one another by connective tissue, the 
pears as a bloody vaginal discharge — the siroma ivhich resembles mesenchyme. Its 
menstrual flow. The flon*, uhleh marks the irregularly stellate cells have a large ovoid 
beginning of the cycle, lasts for three to {nucleus, the cell processes appear to 
' five days. anastomose throughout the tissue and 



Fig. 496. Mucous membrane of iiuman uirrus, iwenty-fifth day of menstrual c>'c1e; gf. Glandular 
epithelium; 6i’, blood scs-.eis, ic, connective tissue of the lamina propria, with silver impregnate 
fibrils; uc, wandering cell, art, sriery. 780 X. reduced to 

The uterus is lined by a simple colum* adhere to the framework of reticular 
nar epithelium. From fundus to vagina fibers, which are condensed as basement 
I small groups of ciliated cells are paltered membranes under the epithelium. Elasttc 
among the secreting cells. As far as the fibers are absent except in the walls of 

beginning of the cervical canal this sur* the arterioles. There is a ground substance 

face epithelium is substantially like that tthich at times is rich in tissue 

of the uterine glands whiclj grow out from in it are lymphoid wandering cells (Fig' 

it in infancy. These are simple tubules 495, wc) and granular leukocytes. Macro* 
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OVARY 



FOLLICULAR PROGRAVID PHASE MENSTRUAL FOLLICULAR 

phase phase phase 

Fig. 497. A diagram of the interrelations of ovary and endometrium in a c>cle which involves 
ovulation. Cycles are said to begin with the onset of menstrual bleeding. One complete cjcJe and the 
beginning of another are indicated. The ovarian changes involve the growth of a graafian follicle, its 
rupture, corpus luieutn formation and regression- Tlie endometrial development is indicated b> 
changes in thickness, in the form of the glands and the coiled arteries. These changes depend in part 
on the time that intervenes between the onset of menstruation and ovulation as well as on the duration 
of the cycle. Ovulation may occur normally as early as the seventh day or as. late as the twenty- 
second day alter the beginning of a menstrual period, but in most instances it probably occurs 
between the ninth and sixteenth days. The normal variability in cycle length is from twenty-one 
to fotty days, art., coiled arteries', memb. gran , membrana granulosa of the graafian foUtcIe and 
the granulosa lutein cells; theca int., theca interna. Courtesy of C. W. BarteJmez. 



BEGINNING OF A PREGNANT CYCLE 

Fig. 408. A diagram showing the beginning of a pregnant cycle. It is identical with Fig. 497 until 
alter implantation, which probably occurs about a week after ovulation. The relations of a recently 
implanted ovum to the endometrium is Iroro a reconstiuclion of the ovum described by Brewer and 
about fourteen days old. It is buried in the endometriurt and surrounded by dil&tcd veins which 
had been opened by the tropKoblasl. Areas about the ovum with extravasated maternal blood 
are stippled; two glands below the ovum are dilated with blood. Courtesy of G. W- Bartelioez. 
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gravid” in form, especially in the middle 
half of the endomelrium {Fig. 494, 

The secretion now contains glycogen 
and the mucoid is thicker. The gland cella 
are lower and wider; in the superficial 
zone they may contain lipoid granules 
which, however, do not enter the gland 
lumen. During this phase, the cells readily 
^change their form ^vhen immersed in the 
‘ fixing solution, owing to the presence of 
much intracellular secretion, and have 
longues projecting beyond the terminal 
bars. {Fig.4%,g0 (Bartelmez). In poorly 
preserved material the cells may e^en ap- 
pear continuous with the secretion in the 
lumen. 

In pregnancy the “progravid” changes 
progress for six to eight weeks (p. 574).. 
In the nonpregnant cycle extensile vascu- 
lar change occur thirteen to fourteen 
days after ovulation and constUulc the 
ischemic phase. This phase was discovered 
by Markee in transplants of endometrium 
to the eyes of monkeys. 

III. Ischemic Phase. A day or more be* 
fore menstruation the coiled arteries con- 
strict so that the superficial xonc is 
blanched for hours at a time. With this the 
endometrium shrinks and in the course of 
two days or more a transplanted bit of 
endometrium may decrease as much as 76 
per cent in area. Tljis involution is due !o 
a loss of secretion and water (edema 
fluid). The stroma becomes denser. Tlie 
closely packed stroma cells, irregularly 
' collapsed glands and coiled arteries are 

characteristic of this phase. Usually many 
' leukocytes are found in the stroma and 
between the epithelial cells. Sooner or 
later the coiled arteries clamp down so 
that Ihe superficial zone becomes anemitv 
while the blood continues to flow in the 
more basal portion of the endometrium, 

IV. Menstrual Phase. After a variable 
number of hours, the constricted arteries 
open up for a short time, the walls of ves- 

' ' gels near the surface burst, blood pours 
• tjje siroma and soon discharges into 


the uterine lumen. Such blood does not 
clot. Subsequently patches of blood- 
aoak^ tissue separate off, leaving die 
torn ends of glands and arteries and veins 
open to the surface. Blood may ooze from 
such veins, a reflux from the intact basal 
circulation. The menstrual discharge thus 
contains altered arterial and venous blood, 
with normal and hemolyzed, sometimes 
agglutinated erythrocytes, disintegrated 
or aulolyzed epithelial and stroma cells 
as well as the secretions of the ulerine, the 
cervical and the vulval glands. Sometimes 
there are tissue fragments, but blood clots 
are abnormal. The average loss of blood is 
35 cc. By the third or fourth day of the 
. flow the entire uterus may present a raw 
.tvound surface. The superficial gland and 
stroma cells ore normal histologically. 

Below' the rone of extravasation the en- 
dometrium remains intact during men- 
struation, although it does shrink denvn. 
Typical progravid glands may be recog- 
nizable as such until the end of menstrua- 
tion (Fig. 494, d and e). 1^6 surviving 
zone is accordingly wider than the 
"basalis” of many authors. 

Before the vaginal discltarge has ceased, 
epithelial cells glide out from the torn 
ends of the glands and the surface epi- 
(helium is \er5' quickly restored. Then the 
superficial circulation is resumed, the 
stroma again becomes succulent and the 
follicular phase of the new cycle niay 
b^in at once. 

The “typical” conditions illustrated in 
Figs. 494 and 497 are not always realized. 
In fact, the ovary may not produce a ripe 
follicle in the course of a cycle and then 
the endometrial changes are minimal- 
Nevertheless, a clinically typical bleeding 
occurs at the expected time. This has been 
termed “anovulatory menstruation. 

Such variability introduces diSicuUies 
m the evaluation of endometrial tissue re* 
moved at operation or biopsy. Errors are 
also introduced when only small frag- 
ments of endometrium are available as in 
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OVARY 



FOLLICULAR PROGRAVID PHASE MENSTRUAL FOLUCULAB 

PHASE PHASE PHASE 

Fig. 497. A diagram of the interrelalions of ovary am! endometrium in a cycle which involves 
ovulation. Cycles are said to begin with (lie onset of menstrual bleeding. One complete cycle and the 
beginning of another are indicated. Tlic ovarian changes inioKe llie growth of a graahan follicle, its 
rupture, corpus luleum formation and regression. The endometrial development is indicated by 
changes in thickness, in the form of tlve glands and the coiled arteries. These changes depend in part 
on the time that intervenes between ilie onset of menstruation and ovulation as well as on the duration 
of the cycle. Ovulation may occur normally as early as the seventh day or as late as the twenty* 
second day after the beginning of a menstrual period, but m most instances it probably occurs 
between the ninth and sixteentli days. The normal variability in cycle length is from twenty-one 
to forty days, art, coiled arteries: memb. gran., membrana granulosa of the graafian follicle and 
the granulosa lutein cells; theca int., theca interna. Courtesy of G. W. Dartelmea. 



BEGIHNIIMG OF A PREGNANT CYCLE 

Fig. 498. A diagram showing the beginning of a pregnant cycle. It is identical with Fig. 497 until 
a ter implantation, which probably occurs about a week after ovulation. The relations of a recently 
implanted ovum to the endometrium is from a reconstruction of the ovum described by Brewer and 
a out fourteen days old It is buried in the endometrium and surrounded by dilated veins which 
been opened by the irophoblast. Areas about the ovum with ertiavasaled maternal blood 
are stippled; two glands below the ovum are dilated with blood. Courtesy of G. W. Bartelmez. 
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curetlings. The various phases of the cycle 
in “typical” cases are identified by certain 
characters; (1) Follicular phase. Fndo* 
metrium'from 1 to 5 ram. thick; straight, 
narrow glands becoming wavy, the epi- 
thelium tall, becoming vacuolated (glyco- 
gen), many mitoses in all tis'sues, no 
coiled arteries in the superficial one third, 
and a subepithelial zone free of reticulum 
poslmenstrually. (2) Progravid phase. 
Endometrium from 2 to 6 mm. thick, 
glands wavy or sacculated with wide lu- 
men, epithelial cells broad with blebs, 
stroma edematous superficially, mitoses 
confined to coiled arteries which are pres- 
ent near the surface. (3) Iscliemic phase. 
Endometrium 3 to 4 mm. thick, greatly 
contorted arteries and glands, dense 
stroma with leukocytosis. (4) Menstrua- 
tion. Endometrium from 0.5 to 3 mm. 
thick, superficially extravasated blood, the 
glands and arteries appear collapsed, the 
stroma is dense and the surface is de- 
nuded. 

Istlimiis and CervLx. The mucous 
membrane of the corpus passes sometimes 
gradually, more often abruptly into that 
of the istlimus which remains thin and 
sIjou’S feiv signs of c)’clic change. If lacks 
; coiled arteries and usually does not bleed 
[ during menstruation. It has a dense 
stroma. The glands are sparse and are 
oblique to the surface. 

The mucosa of tlie cervix has a different 
structure. It has a firmer consistency, a 
thickness of 2 to 3 mm., and shows, on its 
surface, branching folds (plicae palraatae, 
arbor vitae). The surface is lined by a 
tall columnar epithelium; in fixed ma- 
terial the oval nuclei are at the base of the 
cells (Fig. 499) with mucus in their apical 
parts. In the mucosa numerous large 
glands are present vhich differ from those 
of the corpus in that they are extensively 
branched, and are lined with a mucus- 
secreting, tall, columnar epithelium. Some 
of its cells especially on the surface are 
ciliated. The canal of the cervix is usually 


filled with mucus. Very often some of the 
cervical glands are transformed into cysts 
which may reach the size of a pea — the so- 
called nabothian follicles. 

The mucosa of the cervix does not take 
part in the menstrual changes. An in- 
crease in vaginal mucus (which comes 
largely from the cervix) has fieen de- 
scribed at about the middle of the cycle 
(Papanicolau). In pregnancy the cervical 
glands enlarge, proliferate, and accumu- 
late large quantities of mucus. The <Jon- 
nective tissue between them is reduced to 
thin partitions. 

The outer surface of the portio vag- 
inalis is smooth, covered with a mucous 
membrane similar to that of the vagina 
and consists of a stratified squamous ep- 
ithelium with glycogen in its cells and a 
lamina propria with small papillae well 
separated from one another. 

'Hie transition between the columnar 
' mucous epithelium of the cervical canal 
and the stratified squamous epithelium of 
the portio vaginalis is abrupt; as a rule 
the borderline is just inside of the externa] 
opening of the cervix. In some cases 
patches of columnar epithelium may ex- 
tend for short distances upon the outer 
surface of the portio vaginalis, forming 
so-called “physiologic erosions”; in others 
the vaginal end of the cervical canal has 
stratified epithelium. 

Endometrium in Early Pregnancy. 
Great advances in our knowledge of early 
stages of placentation in roan have been 
made by Herlig and Rock (1941, 1945) 
and in primates by Streeter and his col- 
leagues, Wislocki, Hartman and Heuser, 
at the Carnegie Institution. Their papers 
as well as the extensive monograph on the 
human and monkey placenta by Wislocki 
and Bennett should be consulted for the 
details and peculiarities of human placen- 
fation. 

The changes which occur in the first 
week after fertilization of the ovum have 
not been observed in man and can only 
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Fig. 499. Epitlielium of l!ie ^n(^f>reT^^x of a %nman of fort\-«ix joars. fourteen da># after tlic Iicginning 
of tlic la*t iiiciutrual period. 5t0 x« After 5lie>c. 



Fig 500. Sagittal section through the posterior half of the portio vaginalis uteri and the fornix 
vaginae of a young woman: F, Fornix; M, muscle coal of the cervix; M', muscle coat of the vagina; 
0, external orifice of the uterus; S, mucosa of the cervix; S', mucosa of the vagina; <f, d\ cervical 
glands; c, cylindrical epithelium; /,I)inph follicle; pe, beginning of the stratified squamous epithelium 
with papillae; v, veins. 10 X. After v. Ebner, from Schaffer. 


be inferred from observations on monkey 
ova. After fertilization, segmentation oc- 
curs as the ovum moves down the tube 
and enters the uterus. Unlike the monkey 


ovum, however, the human ovum bur- 
rows into the endometrium, presumably 
through the activity of the outer layer of 
cells of the blactocyst. These cells will also 
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curettings. The various phases of the cycle 
in “typical” .cases are identified by certain 
characters: (1) Follicular phase, Endo- 
metrium'from 1 to 5 mm. thick; straight, 
narrow glands becoming wavy, the epi* 
thelium tall, becoming vacuolated (glyco- 
gen), many mitoses in all tissues, no 
coiled arteries in the superficial one third, 
and a subepithelial zone free of reticulum 
postmenslrually. (2) Progravid phase. 
Endometrium from 2 to 6 mm. thick, 
glands wavy or sacculated with W’ide lu- 
men, epithelial cells broad with hlehs, 
stroma edematous superficially, mitoses 
confined to coiled arteries which arc pres- 
ent near the surface. (3) Ischemic phase. 
Endometrium 3 to 4 mm, thick, greatly 
contorted arteries and glands, dense 
stroma with leukocytosis. (4) Menstrua- 
tion. Endometrium from 0.5 to 3 mm. 
thick, superficially extravasated blood, the 
glands and arteries appear collapsed, the 
stroma is dense and the surface is de- 
nuded. 

Istlinuis and Cervix. The mucous 
membrane of the corpus passes sometimes 
gradually, more often abruptly into that 
of the isthmus which remains thin and 
shows few signs of cyclic change. It lacks 
» coiled orleries and usually does not bleed 
I during menstruation. It has a dense 
stroma. The glands are sparse and are 
oblique to the surface. 

The mucosa of the cervix has a different 
structure. It has a firmer consistency, a 
thickness of 2 to 3 mm., and shows, on its 
surface, branching folds (plicae palmalac, 
arbor vitae). The surface is lined by a 
tall columnar epithelium; in fixed ma- 
terial the oval nuclei are at the base of the 
cells (Fig. 499) with mucus in their apical 
parts. In the mucosa numerous large 
glands are present which differ from those 
of the corpus in that they are extensively 
branched, and are lined with a mucus- 
secreting, tall, columnar epithelium. Some 
of its cells especially on the surface are 
ciliated. The canal of the cervix is usually 


filled with mucus. Very often some of the 
cervical glands are transformed into cysts 
tvhich may reach the size of a pea — the so- 
called nabothian jollicles. 

The mucosa of the cervix does not take 
part in the menstrual changes. An in- 
crease in vaginal mucus (which conies 
largely from the cervix) has teen de- 
scribed at about the middle of the cycle 
(Papanicolau). In pregnancy the cervical 
glands enlarge, proliferate, and accumu- 
late large quantities of mucus. The Con- 
nective tissue beUveen them is reduced to 
thin partitions. 

The outer surface of the portio vag* 
inalis is smooth, covered with a mucous 
membrane similar to that of the vagina 
and consists of a stratified squamous ep- 
ithelium with glycogen in its cells and a 
lamina propria u’jth small papillae i^ell 
separated from one another. 

The transition between the columnar 
mucous epithelium of the cervical canal 
and the stratified squamous epithelium of 
the portio vaginalis is abrupt; as a rule 
the borderline is just inside of the external 
opening of the cervix. In some cases 
patches of columnar epithelium may ex- 
tend for short distances upon the outer 
surface of the portio vaginalis, forming 
so-called “physiologic erosions”; in others 
the vaginal end of the cervical canal has 
stratified epithelium. 

Endometrium in Early Pregnancy- 
Great advances in our knowledge of early 
stages of placentation in man have been 
made by Hertig and Rock (194.1, 1945) 
and in primates by Streeter and his col- 
leagues, Wislocki, Hartman and Heuser, 
at the Carnegie Institution, Their paper* 
as well as the extensive monograph on the 
human and monkey placenta by Wislocki 
and Bennett should be consulted for the 
details and peculiarities of human placen- 
tation. 

The changes which occur in the fir*^ 
week after fertilization of the ovum have 
not been observed in man and can only 
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help to form the placenta, the organ foT the of these contain blood liberated b/tlie 
transfer of nutritive materials from the penetration of the trophoblast into the ma- 
maternal circulation to the embryo and ; ternal vessels. This is the beginning of the 
the removal of its waste products. These ulero-placental circulation on which the 
nourishing cells are therefore called the ' continued growth of the embryo depends. 
trophoblast. In all probability the cytolrophoblast is 

At the time the ovum enters it, the endo- giving rise to syncytial trophoblast exter* 
metrium may resemble that in Fig. 491- h, . nally and has begun to form mesoblastic 
the glands are distended w’ilh glycogen ! cells on its inner surface. Tlie embryo 
and a mucoid^ tliere are lipoid granules 1 proper at this time consists of a well de- 
in epithelium and stroma and the latter is .'fined epithelial disc; an amniotic cavity is 
edematous. beginning to develop. 

The youngest liuman ovum studied is In the eleven-day specimen of Herlig 
> believed to be about seven and one-half and Rock (Figs. 502, 503) the trophoblast 
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> live chorionic mesoblast. By llie end of the raimication wilh dilated maternal veins' 
'second week the conditions shown in and there has been considerable extra- 
Fi-ure 498 ate reached, where a recon- vasation of blood about the ovum. A cap 



Fig. 502. K pVvoiomiciogiBph oi a scelion Arough Ae impUnialion site ol ihe eleven-day Herlig- 
Rock ovum. The enure thickness oE the endometrram »a shown. The glands are progravid, the stroma 
edematous and the superficial veins arc ddatetL Magnified 22 diameters, i Ilertig and Rock, Carnegie 
Contnb. to Embryo!., v. 29, 1941, Fig. 13.) 

struction of the ovum described by Brctvcr of blood overlies the implantation site. 
11937) is shown. The tvide lacunae in the Adjacent to the nutrient-laden maternal 
pUsmodial trophoblast are in open com- tissue, the trophoblast has grown more 




Endometrial gland 


Lacuna with maternal 
blood 


j Fig. 503. A photomicrograph from the same section as Fig. 502, magnified 160 diameters. le 
'^bulk of the ovum consists of irregular masses of trophohlasi (syncjtium) which is inva mg t e 
endometrium. Within Uie sjncytial tropliohlast is the cellular trophoblast with obvious ce oun 
daries. Tlie cells are arranged as a simple epithelium except for the clump at C The ^ 
trophoblast immediately surrounds the primitive cborionie mcsoblast in which the embryo is suspen e 
After Hertig and Rock, 1941, Fig. 14. 

luxuriantly. The embryo it attached to the mesoblast is beginning to spread out into 
chorion on this side by a mass of mesen- the trophoblast to produce the first t>» h 
chymal cells, the future umbilical cord. these oulfoldings of the chorion serve to 
At several points on the chorionic wall, increase its absorbing surface. Fetal b oo< 
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Deeldua capaufarls 



^ Fjg, S04. The margin of the impientation sHe from a four weeks* pregnancy (Human Enibryol 
CoH., Univ. of Cliicago). The ovum is enclosed in the maternal decidua. The vilh adjacent to the 
decidua basalis are long, have many secondary apd a few ternary branches, and are anchored to 
t 'e decidua by a wall of cytotrophoblast. The decidua veraeshibits 3 aones; (1) a superficial compact I 
tone with decidual cells; (2) a spongy zone of dilated and sacculated glands; (3) a basal rone of 
narrow glands tvhich may he entirely absent. In the implantation site tlie compact zone has been i 
obuteraled by the developing ovum escepi for llie altenoated decidua capsularis. The embrjo and 
t e amnion surrounding it are not shown. Courtesy of G. W, Bartelmcr. Drawn by Miss Esther 
Bohlman. 17 x. 
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I vessels develop in the connective tissue 
, core, which is covered by cellular and syn* 
icytial trophoblast (Fig. 50G). The deeply 
■ staining syncytium has granular mito* 
^ chondria and usually droplets of lipoid. In 
i the cellular trophoblast, usually called 
Langhans cells in the villi, the mitochon* 
• dria are elongate and sparse. The cytoplasm 
of these cells usually stains feebly and is 
rich in a labile form of glycogen. 

During the third week the cellular 
trophoblast at the tips of the villi begins 
to grow rapidly and, mushrooming out, 

I serves to anchor th^’illus to the.decidua 
basalis.'*^s this process continues the cel* 
lular proliferations of adjacent villi merge 
and thus an outer ivall of troplioblast is 
formed through \vhich the maternal ves* 

' sels communicate with the space between 
I the villi. This intervillous space, which 
has developed from the trophoblastic lac* 
unae and the dilated maternal veins, is 
bounded throughout pregnancy by normal 
or degenerated troplioblast except where 
it communicates with maternal vessels. It 
contains more or less maternal blood; the 
villi absorb nutriment from it and excrete 
wastes into it- The development of a func- 
tional vascular system during the fourth 
week makes possible the nutrition of the 
rapidly growing embryo. 

Figure sot shows the relations of cho- 
rion and endometrium at the end of the 
fourth week. The implantation site oc- 
cupies only a small part of the endo- 
metrium, all of which except for a basal 
' zone is sloughed off after delivery. During 
pregnancy it has accordingly been called 
the decidua and it is divided into three re- 
gions: overlying the ovum is the decidua 
capsularis; underlying it is the decidua 
basalts which comprises the maternal 
component of the placenta; the rest of the 
endometrium as far as the internal os 
uteri is the decidua vera. 

The vera continues to thicken during 
the first eight or ten weeks of pregnancy 
as the glands become more dilated with 


secretion and edema fluid accumulates. 
The stroma cells in the superficial one- 
third round up and enlarge, often becom- 
ing epithelioid. The superRciid zone so 
formed has narroiv glands and is called 
j the stratum coinpaclum in contrast to the 
; underlying stratum spongiosum which 
■may extend to the myometrium, or, as in 
‘Figure 504, there may be an intervening 
stratum basale of narrow tortuous glands 
and dense stroma. 

Tlic villi of the ’inner wall grow and 
branch profusely; together with the chori- 
ofiic plate from ^vhich they arise, they con- 
stitute the chorion frondosum. The super- 
ficial villi, on the other hand, soon appear 
stunted and during the third month they 
degenerate, leaving the chorionic plate 
smooth; this is the chorion laeve. 

Tile amnion closely enswathes the em- 
• bryo for the first two months and there is 
I a large cavity between amnion and cho- 
■ rion, the exocoelom. Early in the third 
*montIi the amhiofic fluid increases rapidly 
and the amnion is soon in contact with 
the chorion on all sides. As the mem- 
branes fuse the exocoelom is obliterated 
^(Fig. 505, u). Tlie uterus begins to en- 
large and chorion laeve as well as all three 
deciduae are stretched and become thin- 
ner. But the placental villi are growing 
(Fig. 505) and the margin of the placenta 
becomes well defined. A section of the pla- 
centa from this stage shows, beginning at 
the fetal surface, first the amniotic epith- 
'elium, then the fused connective tissue oi 
^amnion and chorionic plate, followed by 
the villi cut in various planes. Some vjlli 
I are fused to the decidua basalis and there 
I are bands of necrotic trophoblast adjoin- 
ing the decidua basalis. Here there are 
dilated and stretched glands and greatly 
modified coiled arteries which carry ma- 
ternal blood to the intervillous space. 

During the second half of pregnancy 
the terminal branches of the villi grow 
smaller and more numerous, but the rapid 
growth of the fetus involves an actual de- 




Fig. 505. Margin of the placenta from a sixteen weeks’ pregnancy (Human Eml>r>oI. Coll. Univ. 
of Chicago). The growth of embryo and amnion as well as the enlargement of the uterus as a whole 
have changed the relations shown in Fig. 501, The connective tissue of amnion and chorion have fused 
everywhere, obliterating the exocoelora. Decidua capsularis and chorion laeve have fused with the 
stretched and regressing decidua vera, obliterating the uterine cavity as far as the internal os. The 
placental villi have grown and branched profusely, increasing the size of the placenta The end of each 
villous trunk remains attached to the decidua basalis and the small twigs float freely in the fluid of the 
intervillous space. The placenta now has a well-defined margin where the villi are shorter and there 
are wide communications between intervillous space and maternal veins, a. Fused amnion and chorion. 
Courtesy of G. W. Bartelmez. Drawn by Miss Esther Bohlman. 7.5 X* 
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crease in the thickness of the placenta 
with an increase in its circumference. By 
\ the fifth month most of the cellular Iroph- 
ioblasl (Langhans cells) has differentiated 
'into syncytium. The syncytium thins out 
and in many spots overlying fetal capil- 
laries it becomes a delicate membrane. 

The detailed cytology and liistochemis- 


on the development of the placenta and its 
circulation. 

Vessels anti Ncr»es. Tlie larger Iranclies of 
the ulerine artery run chiefly in the stratum 
vasculare of the myomelrium. From here radial 
branches run directly to the mucosa and form 
“coiled arteries.” During progravid stages ihese 
\essets grow and become progressively more 


Capillary Brash border 



Mesenchyme 

Fig. 506. Section of a villus from a three and a half weeks’ pregnancy. The 
brush border forms the outermost layer; within il is a ^nlmuous "“‘I Bartilmer. Phen'- 

m turn surrounds the loose mesenchyme with ils capillaries. Courtesy of . 
micrograph 590 X* 


Iry of the trophoWast at various stages of 
\ pregnancy are given by Wislocki and Ben- 
tielt who suggest that tlie steroid hormones 
of the placenta are produced by the syn- 
cytial trophoblast and the gonadotrophic 
hormone by the cellular trophoblast. (See 
' also Dempsey and Wislochi.) 

Textbooks of embryology and ob- 
stetrics must be consulted for more details 


irtuous, soon rcachins the saiface fonn 
B a rich capillary net. The »»« •» '“J' 
ied hr arlcriolcs tram the adjacent mnKle- , 
, the ntyometrinm the capillaries have a pe» 
irly thick endotlielimn and sometimes a w 
nail Inmen. The veins form plexnses m « 
eeper layer of the lamina praP™ ' 

nother plexus ot very laree veins wnhont v.lve^ 

(ound in the stratum vasculare of the > 

Pregnancy causes irreversible changes in the 
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vessels. In a uterus which has licen pirpnant, 
the Avail of tlie vessel* at the placenta! site shovus 
an irrepular tiuckeninp of the intima with neo- 
formation of smooth muscle, while in the mevlia 
the muscle is larpciy 8uh«tilutcif L) coatee elastic 
networks 

The lymph vessels of the myometrium nie 
readily ilemonstratcd hut their prc'ence in the 
endometrium has Iwen i|ue*J)onetl. 

The nerves of the uterus arc for the mo't part 
nonmyelinated, allhougli many fine and «omc 
tiiick, myelinated fibers occur also. They form 
the plexus uicrovapinalis and arc connected with 


suggests on interplay of nervous and hormonal 
efiecta normally, even though m transplants the 
characteristic inyomelrial and vasomotor re- 
sponses can he ohtalned under conditions that 
appear to rule out the nervous system completely. 

VACLVA 

The vagina arises from the distal ends 
of llic nuinerian ducts, fused in the mid- 
line; the outer part develops from the uro- 
genital sinus. Its loner end is marked hy 
a dorsal, traii5\cr«e, semicircular fold of 



Fig. 507. Section of a villus from a four months’ placenta. The syncytium is practically the same 
as in Fig. 50G, but most cells of the cellular tropliohlast have become syncytium. Free macrophages 
(Hofbauer cells) are common in the mesenchyme. Capillaries are closely applied to the syncytium 
Courtesy of G. W, Barlelmez. Photomicrograph 590 X. 


a sympathetic “cervical’’ ganglion, located in the 
lateral, upper wall of the vagina The ganglion 
contains, besides nerve cells, a tonMderable quan- 
tity of chromaffin elements Inside the myo- 
metrium no nerve cells are found. Branching 
bundles of nerve fibers accompany the hlood 
vessels and supply the muscular elements of the 
latter and of the myometrium Some branches 
run through the mucosa toward tlie epithelium 
T)ie endings of the uterine nerves are not known 
exactly, hut there is good physiologic evidence 
for afferent and efferent fibers to the myometrium. 
There is, however, no intrinsic coordinating mech- 
anism like that of the gut. The rich innervation 


the wall, the hymen. The wall of the va- 
gina coashi9 of three layers.* {2) the 
mucous membrane; (2) the muscular 
coat, and (3) the adventitial connective 
tissue. 

The adventitial coat is a thin layer of 
dense, connective tissue which merges into 
the loose connective tissue joining the va- 
gina to the surrounding parts. In this con- 
nective tissue there are a large venous 
plevus, nerve bundles, and small groups of 
nerve cells. 
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The interlacing smooth muscle bundles 
of the middle layer are arranged circu- 
larly and longitudinally; the hngitudina} 
bundles are far more numerous, especially 
in the ovitcr half of the layer. The inter- 
I slilial connective tissue contains abundant, 
^coarse, elastic networks. Striated muscle 
fibers form a ring-shaped sphincter 
around the introitus of the vagina. 

The mucous membrane consists of a 
lamina propria and an epilbelium on the 


layer and become condensed in the walls 
of the blood vessels. Accumulations of 
Ijwpifocytes are numerous and sometimes 
lymph nodules are found. Lymphocytes 
are always seen migrating into the epiih- 
elruni. The deeper fayers of the famina 
propria contain dense plexuses of small 
veins. 

The epithelium is of the stratified squa- 
mous variety and has a thickness of 150 
to 200 /i. Under normal conditions the 



Fig. 508. Anienor wall of the vagina of a young woman; longitudinal section: A, Artery tn the 
muscle; external longitudinal lajer and, /tZ, external circular bundles of the muscular la>er; 
fl, b, c, furrows between the rugae of which two are shown in cross section; E, stratified squamous 
epithelium; F, fat lobules; Fa^ fibrous )a)er; G, ganglion; tR, internal circular muscle lajer; b, 
papillary layer of the lamina propria; Pr, infiltrated tritb leukocyte:/; P, papilla. 26 X- Alter Schaffer. 


free surface. The lamina propria is a 
dense connective tissue (Fig. 508, Fr) ; 
toward the muscular layer it becomes 
i looser and this part may be considered as 
' a' submucosa. While m the anterior wall 
of the vagina papillae are scarce and 
small, in the posterior wall the lamina pro- 
pria sends numerous high papillae deep 
into the covering epithelium. Immediately 
under the epithelium there is a dense net- 
work of fine elastic fibers; from here fine 
fibers run downward to the muscu/ar 


superficial cell layers in primates do not 
slioiv cornification, although they contain 
granules of fceratohyalin. The nuclei usu- 
ally remain stainable and the cells become 
loaded ivith glycogen and fat. In a pro- 
lapsed vagina, when the mucous mem- 
brane is exposed to air, the superficial 
cells arc cornified as in the epidermis. 

Glands are missing in the vagina; ex- 
ceptionally, some few glands of the cerv- 
ical type are found in the fornix. The mu- 
cus, lubricating the vagina, originates 
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from t)jc cer\ir and is made acid by llie 
fermentative action of bacteria on the 
gl} cogen from tlie vaginal cpillieliuin. 

The hymen is a fold of the inncoiis 
membrane wiib a thin connective tissue 
core and stratified squamous epithelium 
on both surfaces. 

In spa)c<} oninialj tlic va^sina! cpilheliiim ts 
Aery low, whereas cpilhelial proliferalion is clearly 
associalcJ willi a Iiigli IcacI of the ovarian lior- 
nionc, cstrin. The eslnn rc«pon«e of the Aa^unal 
epiiheiium in the spaced rat end mouse remains 
the best <iuantitatiAe test for the hormone. 

In primates, partly hccau^e of the normal 
pre<ence of liactcria, tlic Aapinal contents A'ory so 
great!) as to he of little saluc in diagnosing 
ovarian conditions. Sometimes a reduction in the 
number of leukocytes can he recngnireil at about 
the middle of the menstrual cycle which cor- 
responds to the preovulatnr) pha«e m rodent*, 
etc. A high e*lrin loe] is indicated by the thick 
epithelium and occasionally by erythrocytes of 
uterine origin. Usually tluee zones can be recog- 
nlzed. A, A basal zone of columnar and poly- 
hedral cells w’lth many mitoses: D, a narrow- and 
variable zone with iljuened cells sometimes con- 
taining granules that re'-emhic keratohyalm; and 
C, an outer zone of squamous cells loaded with 
glycogen and fat. The nuclei of these cells slain 
readily in mo*i case*. During men'truation the 
microscopic picture of ihe saginal lavage is dom- 
inated by crythfocyles, normal and hemolyzed. 
and leukocytes. Blood soaked fragments of endo- 
metrium may occur in normal women, but blood 
clots are abnormal. 

fn sexually inactive states like childhood and 
old age, a vaginal proliferation is readily pro* 
dneed by the administration of cstrin. This has 
proved to be a valuable method of cleanng up 
vaginal infections. 

In gestation the ^mootll muscle fibers enlarge 
and recede from one another. The connective 
tissue elements — the collagenous bundles and the 
cells— enlarge and are arranged more loosely. 
The blood vessels, especially the veins, also en- 
large and the capillary endothelium swells. The 
thickness of the epithelium sncieases consider- 
ably during the first half and then diminishes 
gteaily. 

In various mammals (rat, guinea pig, opossum, 
etc.) the cyclic changes in the vaginal epithe- 
lium can be correlated with the ovarian and 
ulenne changes, so that it is simply necessary to 
examine washings from the vagma to make a 
diagnosis of the stage in the ovarian cycle. The 


cyclic vaginal changes in the rat and guinea pig 
are as follows: During the rapiil growth period 
of the graafian follicle the epithelium grows 
rapidly, so that 10 to 15 layers can be recog- 
nized, and leukocytes winch were prcviou«lv 
abundant dbappear from the mucous membrane. 
A thick layer of squamous cells forms, in which 
the nuefei can no lunger be stained. At about the 
time of ovulation the squamous cell layer is 
sloughed and leukocytes swarm through the epi- 
thelium in vast numbers. The cheesy ma*s which 
fills the lumen is di<chargcd In the guinea pig 
the vaginal orifice is sealed by an epithelial pro- 
liferation. During llie rest of the cycle the epithe- 
lium IS of the low stratified squamous type and 
leukocytes continue to pass through it. 

Vaginal lavages can accordingly be assigned to 
definite stages of the estrus cycle. 

I — Proestrus associated with rapidly growing 
follicles. Leukocytes disappear from the lavage 
and only nucleated cpilhelial cells are present. 

II— Esirus associated vvitli ripe follicles. All 
nvicleated cpilhelial cells are gradually replaced 
by squamous “plates" with no visible nuclei. Tlie 
female will male only during this stage, rarely 
during Stage ] 

III— .l/eroeafrui The vagina is filled with a 
mass of sloughed epithelial plate*, leukocytes 
liegin to appear and rapidly become numerous. 
Ovulation occurs during tills stage or between 
Stages II and III. 

IV — Dtestrus Until the beginning of the next 
cycle the lavage has nucleated epithelial cells, 
squamous plates and large numbers of leukocytes. 

THE E-XTEHNAL CEMTALIA 

The outer sexual organs comprise the 
clitoris, the labia majora and minora, and 
certain glands which open into the vesti- 
bulutn vaginae. 

The clitoris corresponds embroyologic- 
ally to the dorsal part of the penis; it 
consists of two small, erectile, cavernous 
bodies, ending in a rudimentary gians 
clitoriclis, which is covered by the mucous 
membrane of the ve&ti^ulum vaginae, the 
space flanked by the labia minora. Into 
this space the vagina and the urethra 
open; it is lined with stratified squamous 
epithelium. Around the opening of the 
ureAhra and on the clitoris several small 
glands are arranged— glandulae vesiib- 
ulares minores; they resemble Ihe glands 
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The interlacing smooth muscle bundles layer and become condensed in the avails 
of the middle layer are arranged circu- of the blood vessels. Accumulations of 
larly and longitudinally; the longitudinal lymphocytes are numerous and sometimes 
bundles are far more numerous, especially lymph nodules are found. Lyinphocjtes 
in the outer half of the layer, Tlie inter- are always seen migrating into the epilh- 
j stitial connective tissue contains abundant, clium. The deeper layers of the lamina 
j coarse, elastic networks. Striated muscle propria contain dense plexuses of small 
fibers form a ring-shaped sphincter veins. 

around the introitus of the vagina. The epithelium is of the stratified squa- 

The mucous membrane consists of a mous variety and has a thickness of 150 
lamina propria and an epithelium on the to 200 p. Under normal conditions the 



Fig. 508. Anterior wall of the vagina of a joung woman; longitudinal section: A, Artery in the 
muscle; AL, external longitudinal lajer and, AZ, external circular bundles of the muscular layer; 
a, b, c, furrows between the rugae of which two are shown in cross section; E, stratified scjuamous 
epithelium; F, fat lobules; Fa, fibrous layer; C, ganglion; IR, internal circular muscle layer, L, 
papillary layer of the lamina piopria; Pr, infiltrated with leukocytes; P, papilla. 26 X, After Schaffer. 

free surface. The lamina propria is a superficial celJ layers in primates do not 
dense connective tissue (Fig. 508, Pr); show cornification, although they contain 
toward the muscular layer it becomes granules of keratohyalin. The nuclei usu- 
^ looser and this part may be considered as ally remain stainable and the cells become 

f ^ submucosa. \^ile in the anterior wall loaded with glycogen and fat. In a pro- 
of the vagina papillae are scarce and lapsed vagina, when the mucous mem- 

small, in the posterior trail the lamina pro- brane is exposed to air, the superficial 

pria sends numerous high papillae deep cells are cornified as in the epidermis, 
into the covering epithelium. Immediately Glands are missing in the vagina; ex- 
under the epithelium there is a dense net- ceptionally, some few glands of the cerv- 

work of fine elastic fibers; from here fine ical type are found in the fornix. The mu- 

fibers run downward to the muscular cus, lubricating the vagina, originates 
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The ouJcr gcnilal organs^ are richly sup* 
plied >'ilh sensory nerve endings. The 
ppilheliuin conlains the usual, free nerve 
endings. In tiie papillae, Meissner cor- 
ivuscles, in the suhpapUUiry lajer, genital 
corpuscles are scattered. In the dec|»rr 
parts of the connective tissue of tlic lahin 
majora and in the cavernous bodies of 
the clitoris, pacini.in corpuscles have been 
found. 

COltKEIj\TfO>S IN THE l EMAI.C RE- 
I'ROIlUCTIVE SYSTEM 

There is some evidence dial Imrinonos 
are concerned in the cmhrjonic develop* 
inenl ol the reproductive tract. Tlie 
clianges of puberty are under hormonal 
control and cstcogcns arc pr<vbaMy the 
nmnediale agents concerned. During the 
period of se.vual activity the ovarian hor* 
mones, estrone {eUrin} and progesterone 
\liTogcsUn), control the tubal, uterine, 
and vaginal changes. 

The ovary has intimate reciproc.il rcla* 
tions with the par« distalis of (he hvpoph* 
)sis. The follicle stiimdaling and lutein* 
izing hormones together cause the preovu* 
lalor) growth and rupture of ovarian 
follicles; the increased secretion of these 
hormones is caused by the action of 
estrogen and possibly progesterone on the 
pituitary. fSec discussion by Hisavv ) 
Other endocrines arc also involved in the 
control of pregnant and nonprcgnanl 
cycles. Psychic stales may influence (he 
menstrual rhythm in women .and direct 
relations between the central nervou'. «vvs- 
tem .vnd the hypophysis have been demon- 
strated The complex interrelationships 
which control the reproductive organs are 
reviewed in detail in “Sex and Internal 
Secretions ” edited by E. Allen. 

In the vast majority of mammals, mat- 
ing occurs only when the female vs in a 
characteristic receptive condition i“in 
heat or ‘"cslrus ’ l . In primates there is no 
defiivile period of heal. In tlie human spe- 
fies the most obvious external indications 


of llic reproductive cycle are hemor- 
rhages. The menstrual cycle is, however, 
fiind.'imcnlally similar to the eslrus cycle, 
if it is divided into pre- and poslov illation 
phases. Under optimal conditions the cor- 
related ovarian and uterine changes are 



Fi?. 510. Cross eection of labmm minus of a 
vvoman of t))irt)-fDiir jears 10 X. 

more or less as indicated in Figure 497, 
which illustrates noupregnant cycles. 
TIius ovulation may occur from seven to 
twenty-two day? after the onset of a men- 
strual flow and the endometrium will vary 
accordingly. One cycle may he twenty- 
four days in length, the next l'venty-ei«^ht 
or thirty-lvvo days. 

The changes of the follicular phase 
are definitely associated with C'^trin which 
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of Litlre found in the male urethra, and elastic networks and uilli a large quantity 
contain mucous cells. of hlood \essels, but without fat cells. It 

Two larger glands, the slamhdae veatih’ ' forms high papillae penetrating deep into 
uhres majores, or glands of SarthoUn, the epithelium; the latter contains pig- 
each the size of a bean, are located in the ment in its deeifcr layer, while on the sur- 
lateral Avails of the vestibule. They open face a thin horny layer is ])resent. Nunier- 
on the inner surface of the lahia minora, ous, large, sebaceous glands are found on 



Fifr. 509. Glanci of Garchoijn. A large duel willi patches of stratified coiumnar epitbelium (c) 
gives off smaller brandies lined wiiii columnar mucous cells ft') nneJ continuing into tiihiilo-alveoUr 
(erminal portions; these are Iineil with large mucous cells (a); d, interstitial connective tissue; 
t>, blood vessel. 281 X. reduced lo "V (A.y\.Al,) 

Tliey are of lubulo-alveolar character, both surfaces (Fig. 510) ; they are devoid 
closely correspond structurally to the of hair. 

bulbo-urethral glands of men. and secrete The fabia majora are folds of skin 'lilh 
a similar lubricating mucus. After the a large amount of fat tissue and a thin 

i thirtieth year they gradually begin to layer of smooth muscle, as in the scrotum. 

* undergo involution. The outer surface is covered rvitli hair, 

The /abia minora are covered with while the inner is smooth and hairless. On 

stratified squamous epithelium and have a both surfaces sebaceous and sweat glands 
core of spongy connective tissue with fine are numerous. 
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ACier lUal they both grow uilhoul divid- 
ing and are Irnnsformed into primary 
spermalocjles (Fig. 483, b) and primary 
o\oc)tes (Fig. 483, 6') respectively — pe- 
riod of growtli. Finally, both spcrmalo- 
genic cells and ova pass through the pe- 
riod of malurnlion; this is chnroclerucd 
by two peculiar “mciolic” or “matura- 
tion” divisions, uliich rapidly succeed 
each other. In both cases the ultimate re^ 
suU is a sex cell ready for fertilization, 
with a nucleus containing but one half of 
the somatic number of chromosomes. 

But the spermia ore produced anew' 
continuously, or at certain intervals, dur- 
ing the whole sexual life of the individual, 
while the ova in primates jirobably com- 
plete their period of muJliplicalton shortly 
before birth or in the first weeks of extra- 
utcrine life. Then, very slowly, one by 
one. they undergo the maturation divi- 
sions. The vast majority of them degener- 
ate before they reach this stage. 

It has been show’n in various rodents, 
that new eggs are produced from the 
germinal epithelium throughout infancy 
and e»’en during sexual maturity. 

The embryonic origin of the SertoU 
cells in the testis and of tl/e Mlicalar 
epithelium in the ovary is the same. Their 
functional role in the sexual gland of the 
aduU is probably also similar. Both pro- 
tect the developing sex cells and furnish 
them suitable nutritive material. Tlie pos- 
sibility of production of spermatogenic 
cells by SertoU cells has been mentioned 
above; a similar production of new ova by 
the follicular cells m the mammals has not 
been observed. 

The interstitial cells are far less con- 
stant in the mammalian ovary than in the 
testis. They probably arise from the theca 
interna of atretic follicles; in the human 
i ovary they may even be totally absent. 
1 Tlie morphologic relations between the 
two sex glands and their similarity are 
best revealed by the study of their embry- 
onic histogenesis. 


IIlMoRcnrsIs of the Sex Clarids. The pri- 
monlia of the ponads arise as strips of ihiclcenet}, 
mesodermal epithelium on the surface of the 
urogenital folds — the genital ridges. 

The epithelium of tJie genital ridge, the ger- 
miaal epitMiairt, at first has the same structure 


a 



Fig. 511. Diagram of the primordium of the 
gonad in the earl) indifferent stage, in the form 
of a “gemiinal plate”; a, rrimordial sex cell. 
Redrawn after A. Kohn. 

in both sexes. This is the lo-called “indifferent” 
stage of the gonad (Fig. 511), although (he sex 
of the embno is prohabty determined at (lie time 
of fertilixalion. 



Fig. 512. Diagram of the primordium of the 
gonad in ^ stage later than in Fig. 511, but still 
indifferent. Formation of sex cords, s. Redrawn 
after A. Kohn. 

The 5>stem of the excretory ducts of the sexual 
apparatus dexelops in close connection with 
the embryonic urinary sjstem. It is laid down 
first in the form of two longitudinal ducts on 
both sides— the duct of ITolS and the duct of 
AluUer; they arise from the mesoderm which 
lines the celom Both open into the urogenital 
sinus. 

When the thichened geirnina! epithelium in 
the male emhrjo dexelops into the seminiferous 
tubules, the wolffian duct comes into connection 
with them and furnishes the excretory system 
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is abundant in young human corpora 
lutea. The interval between the follicular 
phase and the lutein phase involves a 
superficial endometrial hyperemia and 
sometimes diapedesis of erythrocytes with 
the appearance of hlood in the vagina. If 
the follicular phase has been produced 
with estrin in a spayed female, progravid 
changes will appear on the administration 
of progestin. It ivould seem that the 
ischemic phase witli the associated involu* 
lion of the endometrium is due to a reduc* 
tion in the available ovarian hormones 
and there is evidence that the corpus lu- 
teum is regressing at this time, ft has 
been suggested that the ovarian hormones, 
having been kept at a definite high tlircs* 

\ hold for a definite time, inhibit the gon* 
adotrophic activity of the distal hypoph- 
I ysis and this is the reason for tlie 
diminished production by l)ie ovary (Cor- 
I ner). Whether the hemorrliagic changes 
involve other liormonal mechanisms or 
not' remains to be seen. 

Tlie cstrus state appears at intervals , 
which vary according to the species (four 
to five days in the rat, fifteen to seventeen 
days in the guinea pig, about three weeks 
in the sow, twice yearly in the bitch and 
ewe). Wild species like the opossum and 
ground squirrel, which have a definite 
breeding season, exhibit several cycles if 
pregnancy is prevented. In the absence of 
pregnancy, the cycles in domestic animals 
continue throughout the year when food 
and temperature conditions are kept 
optimal. 

During eslrus graafian Collides are approach' 
ing maturity, the content of e«tnn in the blood is 
high and its action is manifested by the be- 
havior of the animal and the anatomical and 
ph>siological reactions of tlie rcproduclive tract. 
The succession of events tn the rat is as fol- 
lows (Long and Evans, 1922). As the follicles 
approach maturity the motility of tubes and 
I uterus increases and there is a rapid secretion 
I of auid by the uterine glands, so that the organ 
is greatly distended These comliiMns are im- 
^ porlant for the transport of spermatozoa iBoss- 
man) and the active proUferation of vaElnal 


epithelium is interpreted by Papanicolaou as 
an fldaptatfon for mating. The changes of these i 
phases of the cycle fproestrus and estrus) have ) 
been produced experimentally by estrogens in 
spayed animals. In the normal animal ovula 
lion is spontaneous. After this event the ova s/ 
pass into the ampuUa o{ the tube and reach (he 
uterus on the fourth day. In the interim the 
uterus has collapsed and the vaginal epitheliuni 
has been sloughed. As the corpora lutea de- 
velop, the. uterine muscle becomes less active 
and then the ova, if /ertilizeff, are regularly 
spaced along the uterine Jiorns. If mating has 
not occurred, regressive changes appear in the 
corpora lutes, the uterus and the vagina, and 
llien a new cycle begins. 

In the rabbit, ovulation is not spontaneous. 

An isolated adult female in heat has about ten 
large graafian follicles in the ovaries; the num- 
licr characteristic for the species is apparently 
determined by the amount ■ of gonadotrophic 
hormone available. After mating these follicles 
grow rapidly and in about ten hours ovulation ^ 
occurs. The stimulus of coitus involves Iheriy 
portio vaginalis of tlie cervix and an erogenous | 
area of skin on the flanks. The resulting nenous i 
impulses pass to the spina) cord and brain. ^ 
Through a center in the hypothalamus the pars 
distalis of the iiypophysls is stimulated to secrete I 
gonadotrophic hormones which activate the ova-1 
ries. If one and one ijuarter hours elapse be- 
tween mating and hypophysectomy, enough 
gonadotrophic substance enters the blood stream 
to induce ovulation (Fee and Parks), l/nder 
these conditions corpora lutea develop, but they 
promptly regress (Smith and White) and, in the 
consequent absence of progesterone, the fertilized 
eggs die. Such corpora can be maintained m a 
functional state either by gonadotrophins or by 
estrin (Wesiman, 1937). 

COMPARISOW OF THE STRllCTUnE OF 
THE TESTIS AND THE OVARY 

The sex cells in the testis and ov’ary of 
the embryo arise from the same germinal 
epithelium. In the testis of the adult it per- 
sists as a flattened mesolheliuin on the 
outer surface of the albuginea. On the sur- 
face of the adult ovary it remains more or 
less unchanged. 

The spermatogenic cells and the ova 
undergo comparable developmental trans- 
formations; both pass through a period of 
intense mitotic activity of the ordinary 
somatic type — period of multiplication- 
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beginning of puberty will |ia>e to l)c explained 
through neoformation from the small indifferent 
epithelial cells, that is, from the future cells 
of Sertoli. 
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does not commence at once. With each of «ev* 
oral succc«si*e attempts tlie «pcrma|opcnic cells 
reach a Jtigher Ie\e!. Finally, functionally ade- 
quate spermia arc produced and from now on 



Fig. 514. Testis of human embryo of 70 mm. Seminiferous tubules without free lumen, with two 
hinds of cells: ps and ps'. Primordial sex (spermalogenic) cells and, /, follicular (future Sertoli) 
cells. Between the tubules abundant interstitial tissue, with mesencliymal cells (mes, mes') and 
interstitial cells (ic) ; bi, blood vessels, ge, germinal epitliehum. 780 X, reduced to (A.A.M.) 


At the onset of puberty, the round sex cells 
between the follicular epithelial cells begin to 
proliferate and increase in numbers. They have 
the character of spermatogonia as they appear 
in the adult. The indifferent “follicular” epithe- 
lial cells between them decrease relatively in 
numbers They gradually as'ume the sliuctural 
character of the Sertoli cells. Spermatogenesis 


spermatogenesis continues without interruption 
throughout tlie whole period of sexual life. 

The beginning of the sexual differentiation 
may be determined in female embryos at the 
stage of eight weeks. The solid, medullary, 
epithelial mass is loosened by me«enchyme, which 
grows into it and separates the epithelial strands 
into thin, irregularly arranged, medullary cords 
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of ihe male sexual gland, while the duct of 
Muller involutes, ]ea^^ng only small rudiments. 
In the female the same mesodermal primordium 
of the gonad is transformed Into the o>aiy. Here 
the Wolffian ducts regress, whereas the mullerian 
ducts furnish the oviducts, the uterus, and the 
vagina. 

The germinal epithelium of the "indifferent” 
gonad consists of two kinds of cells. The majority 
is represented by small, irregularly cuboidal or 

J columnar elements arranged in a simple pseudo- 
stratified fajer or in se\eral layers. They con- 
tain threadlike mitochondria and show numerous 


In the male human embryo the histologic dif- 
ferentiation typical for the testis becomes recog- 
nizable at about seven weeks. The outlines of 
the sex cords become more distinct, they are 
transformed into the convoluted seminiferous 
tubules and gradually develop a basement mem- 
brane at their surface. The seminiferous tubules 
anastomose by their peripheral (proximal) ends, 
while their deeper (distal) ends open through 
the rete testis into the tubules of the meso 
nephros (the future coni vasculosi) and bejond 
into the woIffian duct (the future vas deferens. 
Fig. 513). 



Fig. 513 Diagram of development of the testis: t. Seminiferous tubules; f, interstitial cells; r, rete 
testis; d, ductuli efferentes (urogenital junction) ; IF, woIffian duct. Redrawn after A. Koha 


mito«ies Between them, large spherical elements 
are scattered~the primitive set cells (Fsg. 511, 
a ) ; they are far less numerous and their total 
number can be counted m gome species of ani- 
mals. They have a clear transparent cytoplasm, a 
large vesicular nucleus and granular mitochon- 
dria. They also may show, occasionally, mitotic 
divisions. 

There is a massive penetration of the subjacent 
mesenchyme by epithelium m which the se^ 
cords develop. They consist of the same two cell 
types as the germinal epithelium. The deepest 
parts of the epithelial mass consist of smaller 
cells arranged in the form of an epithelial network 
which later receives a lumen— the rete. It is 
present in both sexes. 


Tiirougliout the whole prepubertal period, the 
seminiferous tubules seem to contain the same 
two apparently independent cell types. The small 
epithelial cells form the vast majority and are 
arranged radially; no distinct lumen is found 
in the axis of the tubules and the bodies of 
these elements seem to fuse here into a syncytial 
netwxirk. The primary set cells are scattered 
singly between the small epithelial cells (Figs. 
514. 515). 

It has been claimed that flie primary sex cells 
of the embryo all disappear and that at a certain 
stage the prepubertal seminiferous tubules con- 
tain but one kind of cell— the small epithelial 
elements. Should this he definitely confirmed the 
appearance of new spermatogenic cells at the 
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The modification of sex in chick emhr>os 
through the injection of sex hormones is described 
by Willier, Gallagher and Koch. Greene and 
Ivy report similar findings with rats (but see 
Moore’s studies on opossums). 

Interstitial Celts. The interstitial cells of the 
testis appear first in the human embrj’o of 19.5 
mm. They ari‘e through transformation of the 
mesenchymal cells, although some investigators 
claim that the cells of the sex cords may also be 
a source of interstitial cells. 

In the second half of embryonic life, the inter* 
stitial cells in the testis are arranged in broad 


of the mesenchymal cells is more pronounced. 
This period results again in involution shortly 
after birth. The third generation of interstitial 
cells appears in the cortex around the follicles 
before the second has disappeared. In post- 
embryonic life there are no cells resembling 
interstitial cells except the theca cells of atretic 
follicles. 

Origin of the Definitive Sex Cells. dis- 
puted question is the origin of the definite sex 
cells. 

In some loner invertebrates (Ascaris) the sex 
cells are separated from the rest of the Indi- 


Fig. 516. Diagram of development of the ovary: c. Cortical substance with formation of follicles; 
m, medullary cords, homologues of the seminiferous tubules in the testis in Fig. 513, and, like the 
latter, derivatives of the sex cords in Fig. 512; t, interstitial cells; r, rete ovarii; e, epoophoron (uro- 
genital junction) ; IT, wolHian duct. Redrawn after Kohn. 



strands between the seminiferous tubules (Fig 
513, i). Toward the end of gestation their quan- 
tity decreases relatively and zeitisins small in the 
prepubertal period At the beginning of puberty 
they again become more conspicuous. 

In the interstitial tissue of the human ovary, 
the first interstitial cells were described in em- 
bryos of 4 cm Their mesenchymal origin seems 
to be beyond doubt, although some recent investi- 
gators derive them from the germinal epithelium. 
After a period of numerical increase, they under- 
go involution or are transformed into common 
connective tissue cells In embryos of 7 cm. 
another period of progressive development begins 
in the medulla of the ovary; the hypertrophy 


vidual in very early stages of ontogenesis. This 
continuity of the sex or germ cells throughout 
innumerable generations is called the “germ 
track.” 

Many investigators endeavored to establish the 
existence of a germ track in mammals. Peculiar 
cells have been found in relatively early stages 
of development in the mammals (guinea pig) 
which have the aspect of ova — the primitive sex 
cells. They were first found in the mass of un- 
differentiated cells at the posterior end of the 
primitive streak and in the entoderm of the 
posterior part of the intestine These primitive 
sex cells were seen to migrate through the mesen- 
chyme to the root of the mesentery and to enter 
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(Fig. 516). These are homologues of the semtni' 
ferous tubules and may become connected with 
the tubules of tiie mesonephros. They contain 
priniithe sex ccl/s (primidte ava) and may even 
show a transient formation of rudimentary fot- 
Hcles, But tiiey gradually involute and in llie 
aduU ovary no trace of tiiera can be found as 
a rule. 

In human embryos of four to 6>e months a 
netv, thick, cortical layer of epithelium is formed 
(Fig. 517). This is the second proliferation pe- 
riod wliich produces l!ie primitive cortex of ll«e 
ovary. Mesenchymal strands with fusiform cells 
and blood vessels grow toward the surface, pene- 
trate the epithelial cortex, end subdivide it into 
ceil clusters o! irregular form. The ova arc sur- 
rounded by the smaller epitlieltal cells — the pri- 


growtli. These cells from now on have to he 
designated as primary ovocytes — bomologues of 
the primary spermatocytes. Their body enlarges 
and the nuclear chromatin Is arranged in the 
form of thin threads interlacing in the nuclear 
space (the leptotene stage. Fig. 517, f). Later, 
the threads, often joining one another side by 
side, are coiled up at one pole of the nucleus 
(^Tiaptene stage, Fig. SI7, syn). The pachytene 
and dlplotene stages develop later In the same 
way as in spermatogenesis. Simultaneously with 
all these changes, each ovocyte is gradually sur- 
rounded by a concentric layer of small, squamous, 
follicular cells. Then the young follicles are 
separated by connective tissue strands. 

After the dlplotene stage is reached by the 
nuclei of the ovocytes, their further Iransforina- 



Fig. 515. Section of seminiferous tubule of testis of six months’ infant. Iron-hematoxylin. 720 X- 


mary follicles. Tlie germinal epithelium con- 
tinues to add new cell masses to the cortex. 

The female sex cells in the cortex of the em- 
bryonic human ovary show the same nuclear 
transformations as are found m the spenrn- 
togenic cells of the seminiferous tubules during 
the whole period of sexual activity. This can be 
seen distinctly in the cortex of the ovary of a 
human embryo of four and a half months fFig 
517). In the resting condition the nuclei of the 
ova have a TeUcolar structure with a few larger 
chromatin particles and a nucleolus Snch cells 
may be considered as at the end of the period 
of multipHcatJon and correspond to the sperma- 
togonia in the testis; accordingly, they have been 
named oogonia The numerous, smaller, epithelial 
cells surrounding them are the follicular cells 
of the future follicles and stroma cells. 

The older generations of oogonia show the first 
stages of further development of llie period of 


tion may be discontinued for a long lime. The 
nucleus of such ovocytes in the follicles contains 
a loose, pale network and a large chromatin 
nucleolus while, near the nucleus, a crescentic 
accumulation of mitochondria develops. After 
birth these ovocytes in the primary follicles 
gradually undergo the transformations described 
early in this chapter. 

fn the ovary of a human embryo of about 
mnu, the mesenchyme reaches the surface laver 
of the germinal epilbeliuro and gradually forms 
the albuginea of the ovary which separates the 
deeper tissue — the definitive cortex — from the 
epithelial sheet on the surface. After this, accord- 
ing to the dominant opinion, additional ova are 
not formed from the germinal epithelium. 

Thus the medullary cords of tlie ovary are 
homologous to the seminiferous tubules of ti'c 
testis, "nie cortex of tJie mature ovary is an addi- 
tional formation which is not found in the testis. 
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The mollification of «e^ in chick enilir>'os 
through the injection of sex hormones is described 
by Willier, Gallaphcr and Koch. Greene and 
h7 report similar findings with rats (but see 
Moore's studies on opossums). 

Interstitial Cells. The SnlcrMilial cells of the 
testis appear first in the human embryo of 19.5 
mm. They aTi«e through transformation ol the 
me«encliymal cells, although some imestigators 
claim that the cells of liic sex cords may also be 
a source of interstitial cells. 

In the second hall of embryonic life, the inter- 
stitial cells in the testis are arranged in broad 
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of the mesenchymal cells is more pronounced. 
Tltis period results again in involution shortly 
after hirlh. The third generation of interstitial 
cells apjicars in the cortex aroum! the follicles 
before the second lias disappeared. In post- 
embryonic life there are no cells re'embling 
interstitial cells except the theca cells of atretic 
follicles. 

Origin of the Dcrmiiivc Sex Colls. A dis- 
puted <(ucstion is the origin of the definite sex 

cells. 

In some lower imertchrates (Ascaris) the sex 
cells are separated from the rest of the indi- 



Fig. 516. Diagram of development of the ovarv: c. Cortical substance with formation of follicles; 
m, medullary cords, homologues of the seminiferous tubules in tlie testis in Fig. 513, and, like the 
latter, derivatives of the sex cords in Fig 512; i, interstitial cells; r, rete ovarii; c, epoophoron (uro- 
genital junction) , ff', Wolffian duct. Eedrawn after Kohn. 


strands between the seminiferous tubules (Fig. 
513, t). Toward tbe end of gestation their quan- 
tity decreases relatively and remains small in the 
prepubertal period At the beginning of pnbeny 
they again become more conspicuous. 

In the interstitial tissue of the human ovary, 
tlie first interstitial cells were described in em- 
bryos of 4 cm Their mesenchymal origin seems 
to be beyond doubt, although some recent investi- 
gators derive them from the germinal epithelium. 
After a period of numerical increase, they under- 
go involution or are transformed into common 
connective tissue cells. In embryos of 7 cm. 
another period of progressive development begins 
in the medulla of the ovary; the hypertrophy 


vidual in very early stages of ontogenesis. This 
continuity of the sex or germ cells throughout 
innumerable generations is called the “germ 
track.” 

Many investigators endeavored to establish the 
existence of a germ track in mammals. Peculiar 
cells have been found in relatively early stages 
of development in the mammals (guinea pig) 
which have the aspect of ova— the primitive sex 
cells. They were first found in the mass of un- 
differentiated cells at the posterior end of the 
primitive streak and in the entoderm of the 
posterior part of the intestine. These primitive 
sex cells were seen to migrate through the mesen- 
chyme to the root of iJie mesentery and to enter 
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the thickened celomic epitiielium of the pri* 
mordjum of the gonad. In the description given 
above they were mentioned as one of the two 
cell types present in the germinal epithelium. 

In many of the lower vertebrates (chick, rep- 
tiles, amphibians, fishes) cells with a similar 
history have been found. If, in joung amphibian 
and chick embryos, the parts containing the 


by numerous investigators that the primitive sex 
cells sooner or later degenerate and disappear 
among the epithelial cells of the sex cords and 
follicles, especially in mammalian embryos. They 
claim that the definitive sex cells of the adult 
develop secondarily in the germinal epithelmra, 
or, later, in the sex cords, through transfonnalion 
of the common celomic epithelial cells. If this 


ge' pa 
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Fig. 517. Superficial layer of the ovary of a human fetus of 45 ntonths: ge, Germinal epithelium 
with mitosis (ge ") ; ps, ps’, primordial sex cells (ova) with mitosis; I, leptotene nuclei in growing 
ovocytes; syn, synaptene nuclei; /, foUvculas cdU; 6v, blood vessels. 780 X, reduced to (A.AJlfd 


primitive sex cells are excised on one side, the 
corresponding gonad does not develop or remains 
sterile. Although the primitive sex cells have 
not been traced back to the earliest stapes of 
ontogenesis, the evidence seems to he in favor 
of the existence of a germ track in the other 
mammals and, perhaps, in man. 

This conclusion is, however, far from being 
generally admitted. It has been pointed out 


ts true, then there is no germ track in the verte- 
brates. This conception of the nature of * ^ 
definitive sex cells would gain strong support i 
certaia ob^ersations mentioned above for 
mature sexual gUnds could be confirmed— t ® 
neofonnalion of spermatogonia from Sertoli ce s 
as described in the regeneration of tlie semini- 
ferous epithelium after x-raying, the posipuberts 
neofoitnation of ova from the germinal epilhclium 
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and ihe repencrallon ol tlie ovarian cortex aiter 
injuries. 

It may be, llOVle^cr, that the apparently undif- 
lerenliaied cells which give rise to definitive sex 
cells are primordial sex cells which have de- 
differentiated during development and do not 
again differentiate imlil an adequate stimulus 
is given. 
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Chapter XXVI 


THE MAMMARY GLAND 


The mammary gland undergoes extensive 
slructural changes which depend on the 
age and sex of die individual and the 
functional condition of tlie sexual appara- 
tus. In its structure and development, the 
mammary gland suggests somewhat a 
sneal gland. In man, only one pair devel- 
ops normally and is laid down in the same 
manner in the embryos of both sexes. !n 
males the gland involutes after birth. In 
females it continues to develop; it reaches 
its final development only ot the end of 
pregnancy and remains in this condition 
until the end of the period of lactation, 
when it undergoes a partial involution; it 
becomes markedly atrophic after the 
menopause, 

The Resting Sfammary* Gland. Each 
mammary gland of a woman consists of 
fifteen to twenty-five closely adjoining, 
irregular lobes radiating from the mam- 
mary papilla or nipple, llvese are sepa- 
rated from one another by layers of con- 
nective tissue and much adipose tissue. 
Each lobe is provided with an excretory 
duct 2 to 4.5 ram. in diameter svhich is 
lined by stratified squamous epithelium. 
This is the lactiferous duct ivliich runs to- 
ward and Opens on the nipple and has an 
irregular, angular form in cross section. 
Each duct under the areola— the pig- 
mented circular area of akin surrounding 
the nipple — has a local dilatation, the 
sinui tociiferus; it then becomes con- 
stricted again and, curving toivsrd the 
surface of the skin, opens at the summit of 
the nipple as an independent opening, 0,4 
to 0.7 mm. in diameter. 


Each lobe is subdivided by layers of 
connective tissue, rich in lobular masses 
of adipose tissue, into lobules of various 
orders. Tlie smallest consist of elongated 
tubes or sacs, the alveolar ducts, which 
are covered by round evaginatjong, the 
alveoli (see following text). 

The interlobular connective tissue is of 
the dense type, nie intralobular connec- 
tive tissue is much more cellular than the 
interlobular tissue and contains fewer col- 
lagenous fibers and praclicaily no fat 
(Fig. 518, B) . This layer of loose connec- 
tive tissue about the ducts undoubtedly 
has a functional significance in providing 
an easily distensible medium for the hy- 
pertrophy of the epithelial portions of the 
organ during pregnancy and lactation. 

Tlic wall of the secretory portions, the 
alveolar ducts and the alveoli, consists of 
a basement membrane, a layer of myo- 
epttheliai cells and, on the internal surface, 
a row of low columnar glandular cells. The 
myo-epithelial cells are especially promi- 
nent near the excretory ducts. These cells 
serve to associate the mammary gland 
motphogenelically with the sweat glands. 

Tliere has been much discussion as to 
the pre8«»ce of alveoli in the nonlactating 
breast. According to most descriptions, 
the epithelial structures consist, during the 
resting phase, only of ducts and their 
branches. Some authors, however, believe 
that the resting breast always has a few 
alveoli which have budded off from the 
ducts and that these are grouped into 
small lobules. These pass over without 
definite boundaries into the primary ex- 
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cretory ducts by a -simple constriction. 
The latter, in turn, gradually unite with 
similar duels into larger and larger dircts 
which finally form the lactiferous duct; 
along its course the latter receives, di- 
rectly, small ducts from the alveoli close 
to the nipple. 

Each lobe of the mammary gland is 
thus an independent, compound, alveolar 
gland. The mammary gland is a conglom- 


ovarJes and uterus. To date the few studies which 
have beeti made ace based mainly on postmortem 
^material. This obviously does not help very much 
in elucidating the changes in normal women. U 
is probable (hat the changes in the breast which 
occur witli menstruation consist in a }?yperemia 
and pcrliaps edema of the interstitial connective 
(issue; the claim that the ductule and acinar 
epUhelium undergoes a market! q dic hyperplasia 
— on the order of tlic ptogravid clianges m the 
endomettium — is probably unfounded. In labora' 
wry animals, an extensive bicraiure shows tjmte 


Flat celts 



Fig. 518. Section through the mammary gland (resting state) of a thirty-sereti-year-old woman. 
/i, laterlobular and, U, intraiohular connective tissue; yfrr,.ar 1 cry; A.d., alveolar duct. Hematoxylin' 
eosin-axute stain 7S X- 


eralion of a variable number of such in- 
dependent glands — each with jls oivn ex- 
cretory or lactiferous duct which has its 
separate opening on the surface of the 
nipple (Fig- S19, G, Cm ) . - 

In a mature mammary gland pctiodical 
changes undoubtedh take place in connection 
with the sexual cycle of liie ovanes and the 
uterus. The exact disuses which take p)sce hate 
not been studied thoroughly in women Tlu« m 
due to the difficulty in obtaining portions of the 
gland in healthy women and correlating ibeir 
structure with the functional condition of the 


clearly that the cyclic changes in the breast 0 / 
the female are inlimaiel)' bound up with the 
functional state of the ovaries and uterus. 

The Nipple and Areola. The skin of 
ihe nipple and areola has tall, complex 
papillae. The epidermis is deeply pig* 
mented, especially after the first preg- 
nancy. Smooth muscles are located both 
circularly around the papilla mantniae 
and along 'the length of the lactiferous 
ducts- In the papillary area are special ac- 
cessory mammary glands; these are the 
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Fig. 515. Nipple ot female lrea«t in perpendicular rectlon: D, ConneetNe tissue stroma; E, 
epidermis; C, lonsitudinall) cut mammary ducts, wliicli open at tlic opcN. Cm, and the sides of the 
nipple, G’m; ill, cross section oi circular smooth muscle bundles; T, sebaceous glands vrithout hairs. 
6 X. After Schaffer. 



Fig. 520. Hypertrophy of a lobule of the mammary gland from a woman in the fourth month 
of pregnancy. D. Duct; A, interlobular connecti\e tissue; fl, irlralobular connective tis«ue. Hema- 
loxylm-eosin-aiute slain. 75 X 

areolar glands of Montgomery. They oc* glands. Along the margin o! the areola 
cupy an intermediate position between the are large sweat and sebaceous glands 
true mamrnary gland and the sweat >\hich lack hairs or rudimentary hairs 
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(Fig. 519, T). These glands often open 
to tile exterior by a common opening with 
the sweat glands. 

The Mammary Gland During Ges- 
tation. From the lime of implantation of 


epithelium is noticed at the ends of ex- 
cretory ducts, and secretory portions are 
formed which are devoid of a lumen, but 
are provided with pockel-Iike evagina- 
tions, the alveoli. The masses of inter- 


Capillary Vein 



187 X. tAw\.M.) 


the ovum in the uterus, progressive, deep- 
seated changes take place in the mammary 
gland. These develop during the period 
of gestation and can be separated into 
two phases. During the first hall of preg- 
nancy very rapid multiplication of the 


stilial fatty tissue disappear for theonost 
part and make room for the hypertrophy 
of the epithelial structures (Fig. S20). 
Paraile! to this process, an infiltration 
with round lymphoid cells begins in the 
surrounding interstitial tissue. During the 
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second part of the pregnancy the multi* 
plication of epithelial cells gradually de- 
creases in intensity while the glandular 
cells gradually begin to produce a secre- 
tion (Fig. 521) and at the end of preg- 
nancy the colostrum appears. During the 
first days after delivery the colostrum is 
replaced by milk and the infiltration of 
the stroma of the gland by lymphoid ele- 
ments becomes less intense. 

The fliaminory Gland During Lac- 
tation. The different parts of the active 
mammary gland are usually not in the 


The boundary between them is usually in- 
distinct. If the cells are tall, then their 
distal ends, as in sweat glands, are often 
definitely separated from one another and 
project into the lumen of the alveoli as 
free, rounded, scalloped or star-shaped 
protrusions. The nucleus may be round or 
oval and is located at about the middle of 
the cell. If the cells are short, their free 
surface is usually more or less smooth; 
the nucleus here is frequently shrunken. 

In the cytoplasm of the glandular cells 
arc short or long rod-shaped or granular 



Fig. 522. Alveolus of a lactating mammary gland of a rabbit. The cells contain mitochondria 
and droplets of fat (stained black with osmic acid). The latter, with the adjacent protoplasm, are 
extruded into the lumen. 1000 X- (A.AJtL) 


same functional state at the same time, 
and, therefore, their histologic appearance 
varies in different parts of the organ. In 
some places the secretory portions are 
filled with milk, their lumen is wide and 
the walls are dilated and thin; in others, 
on the contrary, the lumen is narrow and 
the epithelium forms a thick layer; in cer- 
tain places the glandular elements may be 
greatly distended with secretion while in 
others they may appear more or less free 
of it. 

The shape of the glandular cells fluctu- 
ates from cjlindrical or conical to flat. 


mitochondria; in the flattened cells they 
are few in number; in the tall conical 
ones they are more abundant (Fig. 522). 
At the base of the cells is some chromophil 
substance. 

The most characteristic expression of 
the secretory function is the drops of fat, 
sometimes of very considerable size, 
which accumulate mainly on the free sur- 
face of the cell body projecting into the 
lumen. After the dissolution of the fat in 
preparing sections, clear vacuoles remain 
in place of the fat drops. Sometimes, gran- 
ules of albuminous substance, with which 
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fal had probably been mixed, ako can be 
seen. Some authors have even described 
the presence of fal droplets in the nucleus, 
but this has not been confirmed suf* 
ficienlly. It is unlikely that the mitochon- 
dria change into fat droplets. Cj’cUc 
changes in the Golgi net during the phases 
of secretion have been described. 

Besides the fal drops in the peripheral 
portions of cells, round secretory gran- 
ules and vacuoles of unknown, probably 
albuminous nature are sometimes seen. 
The fat drops, uhich accumulate in the 
end of tlie cell protruding into the lumen, 
pass out of the protoplasm; in prepara- 
tions treated >vilh osmic acid this can be 
obsened directly and llie free fat drops 
can also be noticed in the lumen of the 
abeoU (Figs. 521, 5221. In preparations 
from which the fat has been dissolved, the 
resulting vacuoles appear in many places 
to be open to the outside, and tlie distal 
end of the cell, therefore, appears tom 
and uneven. The secretory granules of 
albuminous character have probably been 
dissolved previously. 

It is possible, however, that the de- 
scribed process of secretion may, during 
veiy strong sucking, be accompanied by a 
partial disintegration of the glandular 
cell. TJie portion of the cell, filled with fat 
drops, which protrudes into the lumen of 
the aheolus sometimes becomes con- 
stricted o5 from the remaining, larger 
portion of the cell body which remains 
in its place. The detached part flows into 
the lumen v^here the remains of the proto- 
plasm and albuminous granules dissolve 
and the drops become free. The glandular 
cell rapidly replaces the lost protoplasm 
and, after having again accumulated se- 
cretion, e.vcretes it in the same wav. This 
tvpe of secretion is intermediate between 
the merocrine and the holocrine tjpes and 
is called apocrine. 

The epithelium of the excretory ducts is 
cubical or even low cylindrical in the 
small ones. Between it and the basement 


membrane, elongated, spindle-shaped myo- 
epithelial cells are ordinarily seen. In 
the larger ducts the epithelium becomes 
taller and cylindrical; in the main lactif- 
erous ducts it is stratified and is replaced 
by a stratified squamous epithelium at 
some* distance from the opening on the 
nipple. 

TTie interstitial connective tissue of the 
lactating mammary gland, which sepa- 
rates the lobes and lobules of various or- 
ders, is a rather dense connective tissue 
which is distributed in stripes of varying 
widths (Fig. 521). In the functioning 
gland the mass of the connective tissue is 
much less than that of the glandular ele- 
ments. In addition to the collagenous 
fibers Uie inlerslitial substance contains 
clastic fibers which form dense networks, 
particularly along the external surfaces 
of the excretory ducts. Nonnally, there 
are no elastic fibers within the lobules. 

In certain places, particularly in the 
peripheral portions of the organ near the 
nipple, the interstitial tissue is penetrated 
by peculiar shafts of smooth muscles 
which are connected with tendons of elas- 
tic netv^’orks. 

Those portions of the interstitial con- 
nective tissue which extend between the 
small alveoli and directly cover the secre- 
loiy portions have different properties — 
here the tissue is very rich in blood ves- 
sels, is much looser and contains a much 
larger number of cells (Fig. 521). In ad- 
dition to fibroblasts and macrophages. 
ljTnphoc)'Ies of various tjpes and plasma 
cells are present here in considerable 
numbers. In man granular leukocv-tes are 
rare and the presence of a noticeable num- 
ber of them is always an indication of 
abnormal, inflammatory changes which 
have induced the migration of these ele- 
ments from the blood vessels. In abnormal 
function of the mammaiy gland, the pene- 
tration of a very few wandering elements 
into the glandular epithelium and inside 
the alveoli can be observed. 
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Regression o£ the iMnmmary Gland. 
With the end of the nursing period, a re- 
gression takes place in llie mammar)' 
gland. The glandular elements return to 
a resting state. The production o! milk 
ceases, the secretion remaining in the 
glands is absorbed rapidly, an apparent 
increase in the stroma begins and the 
alveoli, due to a decrease in size and the 
degeneration of the glandular cells, dimin- 
ish greatly and lose their lumen. The 
gland, houever, docs not return to its 
original state because many of the alveoli 
which had formed during the jieriod of 
pregnancy do not disappear entirely, and 
the remains of the secretion may some- 
times be retained in the mammary duels 
for a considerable time, fn such a resting 
condition the gland remains until the fol- 
loising pregnancy, when the same cycle of 
changes is repeated. 

Involution of the Mnminnry Gland. 
In old age the mammary gland gradually 
undergoes involution; tlie epithelium of 
the secretory portions, and partly also of 
the excretory ducts, atrophies, and the 
gland tends, in a general way, to return 
to the prepubertal condition in which 
there are only a few scattered duels. On 
the other hand, the epithelium is not infre- 
quently the seat of a pathologic growth. 

Equally striking changes occur in the 
interstitial connective tissue. This becomes 
decidedly less cellular; the number of col- 
lagenous fibrils decreases and the whole 
mass becomes more homogeneous and 
stains much less intensely with eo«in. One 
author has pictured the change as having 
occurred through a “melting down*’ of the 
fibrillar intercellular tissue into a homog- 
eneous mass. When stained with aniline 
blue, the interstitial substance in such o 
breast appears finely granular and deep 
blue. 

Blood anti Ljmpbatic Vessels. The blood 
supply of a fonctioning mammary gland is much 
preater than that of a resting gland The arteries 
arise from ibe internal mammary artery, the 
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dioracic brandies of the axiliajy artery and from 
llie »ntcrco«laI arteries. Tliey pass mainly along 
the larger ducts and brealc up into ^eTy dense, 
eapiUary neiv.Mk&on ilie external surface of the 
basement membrane of the secretory portions 
(Fig 521). Tlie \eins empty into the axillary 
and interna! mammary seins. 

The hmpliatic vessels begin with capillary 
nctworli^ located in the connectiie tissue layers 
surrounding separate aHcoli. They collect along 
the course of the mammary duels inio a sub- 
papillary lymplialtc network; from here several 
targe vessels lead the lymph mainly into the 
lymphatic nodes in the axilla, but also into con- 
nection vritli the lymphatics leading beneaih the 
sternum, and men into those of the other breart. 

Nerves. Besides the times which supply the 
smooth muscles of the blood vessels and of the 
papilla, the mammary gland has also secretory 
nerve endings clo»ely connected with the glandu- 
lar elements as well as rather ntimerou* sensory 
nerve endings of the nipple; some of the latter 
have a structure similar to that of the genital 
boilies. 

niotogcncfis of the itlammary Glnnd. The 
prlmordium of the mammary gland appears io 
a human embryo of B mm. as a paired thickening 
of the epidemiis, liie ‘'milk line,” which begins 
at the root of tJie upper extremity and proceeds 
to the inguinal fol'l. It continues to tiitcken and 
becomes the mammary jold; this is retained in 
man In only a limited region of Its cranial portion 
as a pair of Bat, lens shaped tldckenmgs. These 
become hemtvphetical or club-vhapcd, epithelial 
thickenings directed toward the underlying con- 
nective tissue Tins, in turn, thickens and lifts 
the developing gland slightly above the rest of 
tlie surface of the organi<m (in human embryos 
W to 30 mm. long>. In mo«l mammals several 
poirs of such thickenings are formed 

The cells of tins epithelial bud are cylindrical 
m shape and are arranged radially, while the 
deeper layers are poivherlral. Bv continuing 
to muUiplv they form, in human embryos of 50 
to 60 mm, on the lower convex surface of the 
bodv, the pnmordia of 16 to 25 projections, with 
swellings at their ends; these projections gradu- 
ally elongate in the direction of the connective 
tissue laver and become the mammary ducts. 
Their number fluctuates with the age of the 
etnhrvo as they do not all originate at once; for 
this reason their lengths, at any given moment, 
are not equal The peripheral cells at first main- 
tain their cylindrical shape while the otiiers are 
multangular and have round nuclei. Externally 
tfiey are gradually covered by a condensing con- 
nective tis'-ue. In the course of time eacli of 
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{!ie«ic cylintlrical, epithelial projections or shafts 
gives rise, by elongation anti twisting, to larger 
and larger numbers of branches; these are also 
swollen at their ends and are the primordia of the 
future excretory ducts. A lumen appeare in them 
except in llie terminal swellings, due to the mov* 
ing aside and to partial degeneration of the con* 
stituent ceils. Some of the cells which touch the 
connective tissue develop into basket cells of so- 
called “mio epitbeliar’ nature. 
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Fig. 523 Human colostrum; fresh preparation: 
6, Jlilk globules of various sizes; c, colostrum 
bodies with fat droplets of various flizes; </, 
colostrum bodies with nuclei; e» milk globules 
with “caps.*’ 1000 X. 

In newborn individuals of both sexes, the 
glands have a diameter of 3.S to 9 mnt. and at 
this time contain a number of distinct alveolar 
portions, some of which, however, are very rudi- 
mentary. At the same lime, in tlie lumen of the 
developing and branching ducts, a substance is 
formed which suggests colostrum, this secretion 
js called nitch's milK and contains little but de- 
generating, fatty, epithelial ceH>; this secretion 
can be squeezed out of the papilla in newlwni 
infants; it soon disappears 

In males the mammary gland undergoes a re- 
gression and only the nipple remains »«b the 
surrounding areola. In females, however, the de- 


velopment. although rather slow, continues and 
the slow ehngaihn and branching ol the epithe- 
lial shaft goes on throughout childhood. With 
the onset of sexual maturity, the development 
does not change qualitatively, hut increases in 
Intensity and quantity; each original epithelial 
shaft forms numerous branches tlirough the mul- 
(ipHcation of its constituent cells. After having 
reache<! a certain degree of development the 
organ undergoes but slight changes and remains 
in A state of functional rest ; there is no secretion 
and even the secretory portions are missing, ac- 
cotding to most authors, who believe that only 
excretory ducts are present at this time. 

Histophysiologic Kcinnrka. Milk is 
an aqueous solution of albumins (mainly 
casem}^ lactose, and inorganic salts (in- 
ciiiding small, amounls of iron) in which 
numerous fat drops, the milk globules, are 
suspended. Some of these are at the limit 
of visibility; most of them are 2\ohn and 
seldom up to 10 to 12 /t in diameter. These 
are the same fat drops which are produced 
and given of! by the glandular cells. Small 
numbers of milk globules with one-stded 
caps, free disintegrating nuclei, nucleated 
or non-nuclealed fragments of glandular 
cells, and transformed leukocytes are also 
found. 

AH these constituents of the milk can be 
seen in histologic preparations in the lu- 
mens of the dilated secretory portions and 
of the excretory ducts ; this is particularly 
clear after fixation with osmic acid, when 
the milk globules are stained black. The 
number of the cellular fragments and leu- 
kocytes appears to be larger in the alveoli 
than in the excreted milk; this shows that 
these structures autolyze during the ex- 
cretion of milk. 

During the last days of pregnancy, the 
first tivo or three days after delivery, and 
at the end of the period of lactation, the 
secretion of the mammary gland is quite 
different from milk and is called colos- 
trum (Fig. 523). It differs from milk by 
being poor in fat. But it contains numer- 
ous globules with particles of cellular 
fragments, free nuclei and colostrum bod- 
ies (9 to 40 /A in diameter) . Tliese globu- 
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lar bodies are often capable of active 
ameboid movements. After fixation and 
staining they appear as free, large cells 
nith usually one constricted nucleus; their 
cytoplasm is filled with many small and 
a few large fat drops (Fig. 523). A con- 
siderable portion of these elements show 
indications of degeneration. 

Many authors recognize the colostrum 
bodies as transformed epithelial glandular 
cells which are filled with the products of 
secretion and have become detached. But 
it is more probable that they are wander- 
ing lymphoid cells of various kinds, 
which have escaped from the connective 
tissue into the epithelium and into the 
lumen of the glandular spaces, and winch 
ingest fat droplets by phagocytosis. Dur- 
ing the periods when colostrum, appears, 
the interstitial connective tissue which 
surrounds the secretory portions is heavily 
infiltrated by hematogenous and bistogen- 
0U3 lymphocytes. In fixed preparations 
these elements may often be seen on their 
way through the basement membrane into 
the epithelium and thence into the lumen 
of the alveolus. 

The colostrum bodies always appear 
when the equilibrium between the secre- 
tion of the milk and its excretion is upset, 
that is, either when the feeding of the 
child has not yet begun, as in the last days 
of pregnancy, or when it has come to an 
end. The presence in the colostrum of 
hematogenous granular leukocytes, par- 
ticularly of the neutrophil type, is usually 
an indication of an inflammatory process 
in the mammary gland. 

The proliferative changes in the gland 
during gestation are due mainly to hor- 
mones arising in the ovary (estrone and 
progesterone) apparently acting through 
the pars distalis of the hypophysis, for 
these hormones have no effect on Uie 
mammary gland in hypophysectomized 
animals. A mammogenic duct growth fac- 


tor has been extracted from the pars dis- 
talis of the hypophysis. The initiation of 
lactation seems to be due to the lactogenic 
hormone of the pars distalis of the hy- 
pophysis. Th^ factors involved in lacta- 
tion are discussed by Petersen. 

The production of the colostrum in 
newborn infants probably depends on the 
Same hormones which bring about the 
production of milk in the mother. Some 
believe that there are indications of a de- 
pendence of this process on the hypoph- 
ysis of the embryo. 
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these cylindrical, epithelial projections or shafts 
gives rise, by elongation and twisting, to larger 
end larger numbers of branches; these are also 
swollen at their ends and are the primordla of the 
future excretory ducts. A lumen appears in them 
except in tlje terminal swellings, due to ibe/nov- 
ing aside and to partial degeneration of the con* 
stituent cells. Some of the cells which touch the 
connective tissue develop into basket cells of so- 
called ‘’mto-epithelial’' nature. 



Fig. 523. Human colostrum; fresh preparation* 
l\ Milk globules of various sires; c, colostrum 
bodies with fat droplets of various sizes; d, 
colostrum bodies with nuclei; e, milk globules 
with “caps.” 1000 X. 

In newborn individuals of both sexes, the 
glands have a diameter of 3.5 to 9 mm and at 
this time contain a number of distinct alveolar 
portions, some of which, however, are very rudi- 
mentary. At the same time, in the lumen of the 
developing and brancIuRg ducts, a substance is 
formed which suggests colostrum; this secretion 
is called witch's milk and contains little but de- 
generating, fattv, epithelial cells; this secretion 
can be squeezed out of the papilla in newborn 
infants; it soon disappears. 

In males the mammary gland undergoes a re- 
gression and only the nipple remains with the 
surrounding areola. In females, however, the de- 


velopment, although rather slow, continues and 
the slow elongation and branching of the epithe- 
lial shah goes an throughout childhood. ITith 
the onset of sexual maturity, the development 
does not change qualitatively, but increases in 
inlensilf and quantity; each original epithelial 
shaft forms numerous branches llirough the rnul- 
tiplication of its constituent cells. After having 
reached a certain degree ol development the 
organ undergoes hut slight changes and remains 
in a state of functional rest; there is no secretion 
and eien the secretory portions are missing, ac- 
cording to most authors, who believe that only 
excretory ducts are present at this time. 

Ilistophystologic Remarks. Milk is 
an aqueous solution of albumins {mainly 
casein), lactose, and inorganic salts fin- 
cltidiiig small.amounts of iron) in which 
numerous fat drops, the milk globules, are 
suspended. Some of these are at the limit 
of visibility; most of them are 2 to 5 p and 
seldom up to 10 to 12 p in diameter. These 
are the same fat drops which are produced 
and given off by tbe glandular cells. Small 
numbers of milk globules with one-sided 
cops, free disintegrating nuclei, nucleated 
or non-nucleated fragments of glandular 
cells, and transformed leukoc) tes are also 
found. 

All these constituents of the milk can be 
seen in histologic preparations in the lu- 
mens of the dilated secretory portions and 
of the excretory ducts; this is particuhrly 
clear after fixation with osmic acid, when 
the milk globules are stained black. The 
number of the cellular fragments and leu- 
kocytes appears to be larger in the alveoli 
than in the excreted milk; this shows that 
these structures autolyze during the ex- 
cretion of milk. 

Puring the last days of pregnancy, the 
first two or three days after delivery, and 
at the end of the period of lactation, the 
secretion of the mammary gland is quite 
different from milk and is called calos- 
trum (Fig. 523). It differs from milk by 
being poor in fat. But it contains numer- 
ous globules with particles of cellular 
fragments, free nuclei and colostrum bod- 
ies (9 to 40 /x in diameter). These globu- 
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the ocular tissues. The larger posterior 
portion o{ the uvea extends anteriorly as 
far as the ora scrrala, ami is called cho- 
rioidea or chorioid membrane. Its an- 
terior thickened, nnisciilar portion is the 
ciliary body which forms a girdle from 5 
to 6 mm. wide between the ora serrala 
and the sclerocorneal junction. Tl\is body 
is the muscular instrument for the ac- 
commodation ol the refraction of the eye. 
The thin, cutlain-like membrane, the iris. 


the pupil. In this way the iris functions as 
ait adjustable optic diapbiagm regulating 
the amount of light entering the eye. 

The third or innermost tunic, the retmo 
(Fig. 524) contains in its posterior func- 
tioning part (pars optica retinae) cells 
that are sensitive to light or photorecep- 
tors (rods and cones), and others that are 
the first links of the nervous pathway con- 
veying the nervous impulses through the 
optic nerve to the brain. The spot where 



Fig. 524. Diagram oi a honzontal section tVitongh xVie rigta eye ol man. 


is the further continuation of the uvea. 
Its outer brim is attached to the ciliary 
body. The iris projects into the cavity of 
the eje in a plane approximately vertical 
to the visual axis. Its inner margin slides 
over the anterior surface of the crystalline 
lens. The diameter of tVie iris is approxi- 
mately 12 mm. Its central opening, the 
pupi7, can be reduced or expanded 
through the contraction or relaxation of 
the constrictor and the dilator muscles of 


the nerve inserts into the eyeball, the 
papilla of the optic nerve, is a round or 
somewhat elliptical, pink disk measuring 
approximately 1.4 mm. across. It is situ- 
ated at a distance of about 3 mm. nasal to 
the posterior pole of the eye, and some- 
what more from the center of the fovea. 
The portion lining the inner surface of the 
ciliary muscle, the ciYiary portion of the 
retina, and that lining the posterior sur- 
face of the iris, the iridial portion of the 
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THE EYE* 


The ability to react to light is a wide* 
spread projjerty of living matter. Yet in 
order to react to light in a specific way, 
certain cells of the body have increased 
this general responsiveness to light. Scat- 
tered photoreceptive cells in loner animals 
probably distinguish only various inten- 
sities of light, and, at best, only crudely 
perceive the direction of the liglit stimuli- 
In higher animal forms, especially in ver- 
tebrates, more efiicient organs have 
evolved which react not only to various 
intensities and qualities of light, but are 
capable of distinguishing the form, sire, 
and minute cltanges in tiie position of ex- 
ternal objects. 

The ej-es of ^'ertebrates have evolved 
from the central nervous system. Tavo 
symmetrical localities, one on each side of 
the front end of the brain, became espe- 
cially photosensitive. Out of these the 
photoreceptive organs, the retinae of the 
two eyes, developed. 

The retinae arc thin membranes of ner- 
vous substance, resembling the brain in 
structure. They are stretched out in such 
a way as to catch the rays of light arriv- 
ing from various directions. Since light 
propagates in straight lines and is re- 
fracted by curved surfaces, a system of 
transparent media evolved which permits 
the distribution of the rays of light upon 
the retinal surface according to the laws 
of physical optics. Moreover, the tunics 
and intrinsic and extrinsic muscles wexe 
added; their chief functions are to keep 
the dioptric system of the eye in a definite 
relation to the photosensitive retina, and 

• This chapter lias been rewritlen by S. PDlyab. 


to change the refraction of the media or 
the position of (he eyes, as occasion re- 
quires. In addition, the eye is supplied 
with blood vessels, nerves and glands, and 
is located in the bony orbit of the skull 
where it can be covered by the lids. 

STRUCTUHE OF THE tYE IN GENERAL 
The structural principle of liie human 
eye is much the same as in the photo- 
graphic camera (Fig. 524) . The anterior 
segment of its wall, the cornea, is trans- 
parent and permits the rays of light to 
enter. The rest of the vrall of the eye is 
opaque. It has a darkly pigmented inner 
surface vfhich absorbs light rays, and is to 
a great e.xtenl lined with the photoseosi* 
live retina. The cavity of the eyeball is 
filled with transparent media arranged i« 
separate bodies. Their curved surfaces, in- 
cluding those of the cornea, are so formed 
and strung along a straight line, the optic 
axis, as to act as a system of convex lenses. 
These produce an inverted, reduced and 
real image of the objects of the outside 
world in the photoreceptive layer of the 
retina, the rods and cones (2 in Figs. 53i, 
53S. 536. 539). 

The wall of the eyeball is composed of 
three coats (Fig. 524). The thick and 
tough outer fibrous tunic gives the organ 
its form and protects its inner delicate 
structures. It is subdivided into a large 
opaque posterior portion called sclera. 
and a smaller anterior transparent seg- 
ment, the cornea. The middle vascular 
tunic or uvea is rich in' blood vessels and 
IS chiefly concerned with the nutrition of 
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or nasal and an outer or temporal half. The 
plane of the horizontal meridian divides the eye- 
ball and retina into an upper and a lower half. 
Together the two planes or meridians, the sagittal 
or vertical and the horizontal, divide the eyeball 
and the retina into four quadrants, an upper nasal 
and an upper temporal, a lower nasal and a lower 
temporal. The point where the two planes cro*8 
in the eye fundus, that is where the visual axis 
passes through the ioveal center, coritsponds 
with the point of ^ration in the field of view, 
or the point where the eye is arrested in looking 
at an object, corresponding with the spot of most 
distinct vision. 

The largest sagittal or antero-posterwr dtameter 
along the axis of the eye is 21 mm, or a little 
more. It is identical with the outer or etternal 
axis of the eye whicli includes the thickness of 
the walls. The inner axis is the largest sagittal 
distance between the inner surface of the cornea 
and the inner surface of the retina at the |ios. 
terior pole; it measures a little less than 22 mm. 
The optical axis (Fig. S2l) is a sagittal line 
that passes through the optical centers of the 
refractive media. Decause of tliis tlie eye can be 
regarded as a centered optical system. Tlie optical 
axis is almost identical with the anatomical and 
geometrical axes. It differs, liowever, from the 
usual axil. The latter where tt touches the fundus 
passes through the center of liie fovea. The visual 
axis thus deviates from the optical axis at the 
posterior extremity where it touches the retina; 
it is from 4 to 7 degrees temporal (lateral) and 
3 5 degrees below the optical axis. The verticat 
axis IS a perpendicular line connecting the oppo- 
site points of the equator and passing through 
the axis of the eye; it measures approximately 
23 5 mm A similar lioiuontal line, the transverse 
axis, measuring 24 mm. or somewhat more, rep- 
resents the greatest diameter of the eyeball 
The shape of the eyeball is partly due to the 
anatomical structures, and is partly the product 
of the intia-ocular pressure maintained by the 
pressure of blood and other fluids. Since the curv- 
ing of Us wall varies somewhat m different locali- 
ties, the shape of the eyeball is not that of a 
perfect sphere. Thus the radius of the curvature 
of the lar ger posterior segment around the fundus 
is tlie largest, measuring somewliat less tlian 13 
mm., gradually decreasing toward the corneo- 
scleral junction. The cornea has the smallest 
radius of curvature, approximately 7 8 mm. (outer 
corneal surface). In the horizontal plane, the 
radius ol curvature of the eyeball is somewhat 
larger in ibe nasal than in the temporal half. Ad- 
ditional deformation is produced by the pressure 
of the several extrinsic eye muscles. 


Tlie eyeball is lodged in a soft, elastic cushion 
filling the bonv orbit of the skull ami made up 
of loose connective and fatty tissue, muscles, 
fasciae, blood, and lymphatic vessels, glands 
and nervei. This permits the eye to move freely 
around Us center of rotation (which, however, 
itself is not quite stable, but is somewhat dis- 
located with each movement of the eyeball) . With 
the general integument the eye is connected by 
the conjunctiva. The lids ate a mechanical pro- 
tection against external noxious agents. 

THE rinnous tunic 

The Sclera. The thickness of the sclera 
at the posterior pole of the eyeball reaches 
1 inin. At the equator it is reduced to 0.4 
to 0.3 mm., while toward the edge of the 
cornea It again increases to 0.6 mm. The 
sclera (Figs. 525, SK; 527 and 529, S; 
533, d) consists of flat collagenous bun- 
dles which run in various directions par- 
alicl lo tiic surface. The tendons of the eye 
muscles are attached to the outer surface 
of the sclera. Between these bundles are 
fine elastic nets. The cells of the sclera are 
flat, elongated fibroblasts. In (he deeper 
la)ers, esiiccially in the region of the en- 
trance of the optic nerve, a varying num- 
ber of chromatophores can be found. 

The outer surface of the sclera is con- 
nected by a very loose system or thin col- 
lagenous bundles and membranes sepa- 
rated by clefthke spaces — ^ihe space of 
Tenon — from a dense layer of connective 
tissue, ibe copsule of Tenon. This arrange- 
ment makes rotating movements of the 
ej'ebaU possible in all directions. 

Between the inner surface of the sclera 
and Ihe choiioid there is a layer of loose 
connective tissue with numerous branched 
chromatophores, fibroblasts, and elastic 
netw'orics. This tissue anatomically be- 
longs lo the cbotioid, but when these 
tunics are separated, it tears and remains 
attached partly to the sclera and partly to 
the chorioid. The first part is sometimes 
called tlie lamina fusca of the sclera^ be- 
cause of its brown color, or the supra- 
chorioid lamina (Fig. 525, sch). 

Comca. The cornea is slightly thicker 
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retina, are not pholosensitive and are 
therefore called the blind portion of the 
retina. 

The space enclosed by the tunics of the 
eye is filled with the transparent dioptric 
media (Fig. 524). With these, how'ever, 
the cornea must be included. Because of 
the coi^siderable difTerence between the 
index of refraction of the cornea (1.S76) 
and of the surrounding air (1.0), the 
cornea is the chief refractive apparatus 
of the eye. Of tlie enclosed transparent 
media the most anterior is the aqueous 
humor ‘(p. 629), It is contained in ihe 
aniercar chamber, a small cavity bordered 
in front by the cornea and behind by the 
ciliary body, the iris and the central por* 
tion of the anterior surface of tlic lens. 
Its deplli is greatest in the region of the 
optic axis (3.10-3.60 mm.) , gradually de- 
creasing toward its periphery; It meas- 
ures 12 mm. across. Its outermost portion 
is at the “angle of the iris.” The posterior 
chamber is a narrow circular space en- 
closed by the iris, the lens, tlie ciliary and 
the vitreou.s bodies (Figs. 524, 529). It 
also comprises the spaces between the 
fibers of the ciliary zonule. The prezono- 
lar space, or the posterior chamber in the 
strict sense, is the above-described space 
minus the spaces between the zonular 
fibers. Its greatest depth is from 0.4 to 0.6 
mm. The remainder of the posterior cham- 
ber is made up of the circumlenlal space 
whose greatest depth is 0.5 mm. (Cl in 
Fig. 528), and of the orbicular space or 
the cleft between the ciliary ring and the 
anterior limit of the vitreous. Both cham- 
bers are filled with aqueous humor. This 
is a clear, watery fluid of slightly alkaline 
reaction with an index of refraction of 
1.33. It contains 0.77 per cent sodium 
chloride, traces of urea and glucose, and 
practically no proteins, and few or no 
wandering cells. It is much like the cere- 
brospinal fluid. 

The next of the transparent media is the 
crystaUine iens (Fig. 524). This is an 


clastic biconvex body suspended from the 
inner surface of the ciliary body by a cir- 
cular ligament, the ciliary zonule. It is 
placed directly behind the pupil, between 
the aqueous humor of the anterior cham- 
ber and the cornea anteriorly, and the 
vitreous body posteriorly. The lens is sec- 
ond in importance to the cornea as a 
refractive apparatus of the eye, and is the 
dioptric organ of accommodation. 

Tlie po.«ilerior larger portion of tJie cav- 
ity of the eye, between' the posterior sur- 
face of the lens, the ciliary body, and the 
posterior wall of the eyeball, called vitreal 
cavity, is filled with a thick, viscous, semi- 
fluid substance, the vitreous humor or 
body, or, briefly, vitreous. It immediately 
adjoins the retina and thus enables light 
to pass freely to the photoreceptors. 

The retina, too, during life possesses an 
almost ideal transparency. Only its outer- 
most layer, immediately bordering the 
chorioid, and made up of the pigment 
epithelium (1 in Figs. 524, 525, 529) is 
opaque and is the first barrier to the rays 
of ligiii. 


MEASUnEMENTS AND UNDMARKS 

Tlie adu)l liuman ejehalJ is a fairly regular 
spherical body measuring approximaiely 2V mtn. 
or I inch in diameter. Its weight differs indi- 
vidually fri’m 6 to 8 gm. Its anterior extremity 
comsponding with the center or \ette' of the 
cornea Is ihe antenor pole. Its posterior exlreroity 
corresponding wlih the farthest point of the 
fundus, located between the central fo'ea and 
the optic papilla, is the posterior pole. TJie line 
connecting the two poles is the anatomical axis 
which is practically identical willj the geoTnetricol 
rwrir of the eye. The vtsuci ttrir is the line drawn 
from the point of fixation (center of the fovea) 
to the apparent center of the pupil. A circular 
line whose plane, the equatorial plane, is ver- 
tical with respect to the axis and passes through 
the greatest expansion of the eyeball is the 
equator. Other similar circles but witli planes 
passing through the axis or, mcatiing the same, 
through the two poles, are the mefidioits of tlie 
eye. The two most important are the vertical 
and the borirontal meridians. The sagittal plane 
of the first passes through the fovea and divides 
the eyeball, including the retina, into an inner 
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is a mucoid cementdike subslance. In vi- 
tally stained, ne\sborn animals, the cor- 
neal cells store a few dye granules. 

Beside? die fibroblasts, the subsiantta propria 
alwa>s contains a number of lymphoid wan- 
dering cells which migrate {tom the bloorl ves- 
sels of the corneal limbus. In inflammation the 
tissue is infiltrated with enormous numbers of 
heterophil leuhocytes and lymphoid cells. Pene- 
trating between llic lamellae, they become ar- 
ranged in typical fusiform rows. The substantia 
propria contains very fine elastic networks espe- 
cially abundant in the innermost layers in front 
of the membrane of Desremet. The usual stains 
for elastin do not always demonstrate them. 

Jifemtrnne of Doscempl. This is a 
homogeneous lamella 5 to 10 ^ thick (Fig. 
526, £p). It can be isolated from the pos- 
terior surface of the substantia propria. 
At the periphery of the cornea (he mem- 
brane of Descemet continues as a very 
tbin layer on the surlace oi the trabeculae 
of the iridial angle. 

Although it IS easily stained with resorcin- 
fuchsln and other dyes, its reactions are different 
from those of typical elastin. U is a basement 
membrane which is believed to be secreted by the 
corneal endothelium. After injuries it H said to 
regenerate through the activity of the latter. 

Cortical flleseuchymal E|it(fieUum- 
The inner surface of the membrane of 
Descemet is composed of one layer of 
large (18 to 20 ^il, squamous cells (Fig. 
526, En). In man their flattened nuclei 
are round or oval. 

ScicTocorncul junetton. In a meridi- 
onal section the boundary between the 
white, opaque sclera and the transparent 
cornea appears as an oblique line (Fig. 
529, Sf ) . The outer edge of the sclera (S) 
oierlaps the border of the cornea 
wliile on the inner side the cornea extends 
farther backward. When the collagenous 
bundles of the sclera continue directly 
Into those of the cornea, their striation 
loses its distinctiveness and the tissue be- 
comes homogeneous and transparent. 

The marginal rone of the cornea, measuring 
about 1 ism. in width and outlined centrally 


by the edge of the membrane of Bowman, is called 
the edge or Itmbus oj the cornea. In this region 
the epithelium of the cornea gradually changes 
into that of the conjunctiva of the bulb (Fig. 
529, C). Where (he membrane of Bowman ends, 
a subepithellal layer of loose connective tissue 
begins; it contains the superficial, marginal 
loops of the vessel, which are of special impor- 
tance because they furnish the nutritive material 



Ftg. S26. Vertical tran«ection of the middle 
part of a human cornea: E, Epithelium; El, Bow* 
man’s raemlitane; S, subslamia propria; Ep, 
membrane of Descemet; En, Corneal mes- 
enchymal epitbelmm. 135 X. .filer Schaffer. 

to the cornea and also are the source of the wan- 
dering cells just mentioned The blood vessels 
vvhich invade the substantia propria in chronic 
inflammation also arise from these loops. 

On the inner surface of the wall of the eyeball 
the sclerocorneal junction is marked by a shal- 
low, ring-shaped furrow, the mternnf scleral 
farrow or stUcus, Its posterior bp forma a small 
centrally projecting ridge, tlie scleral roll to 
whidi the ciliary body is fastened (Fig. 527, Sw ) . 
At the bottom of the internal scleral furrow the 
scleral tissue contains one or several cavities 
lined with endothelium. They are the cross sec- 
tions of a circular canal which parallels the 
border of the cornea and in many places breaks 
up mto several iiitgular branches which then fuse 
again It is the canal of SchUmm, or the “venous 
sinus” of the sclera (Figs 527, ScA; 527,5c). It 
communicates with the venous system and is be- 
lieved to drain the aqueous humor from the an- 
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than the sclera and measures 0.8 to 0.9 
mm. in ihe center and 1.1 mm. at the per- 
iphery. In man the refractive po>Yer of the 
cornea, which is a function of the index 
of refraction of its tissue (1.376) and of 
the curvature of its free outer surface (7.8 
mm.), is twice as liigh as that of the lens. 

In a vertical section through the cornea, 
the following layers can be seen: (1) the 
epithelium, (2) the membrane of Boyv- 
man, (3) the stroma or the substantia 
propria, (4) the membrane of Descemet, 
(5) the corneal mesenchymal epithelium 
(Fig. 526). 

Epitliclinm. The epithelium is of the 


cells penelrale rhe spaces between the cells 
where they appear as irregular, branched ele- 
ments, the cells of Langerhans; they come from 
the blood vessels at the periphery of the cornea. 

The epiihehum of the cornea is extremely sen- 
sitive and contains numerous free nene endings 
(Fig. 180). It is endowed with a remarkable 
capacity for regeneration. Small defects of (he 
epithelial layer, caused by injuries, heal rapidly 
by a flattening and gliding movement of the 
adjacent epithelial cells. Mitoses in the basal 
epidielial cells set in later and may be found at 
considerable distances from (lie wound. In normal 
conditions a few mitoses can be found in the 
basal cel! layer. 

Boternan^s Membrane* The corneal 
epithelium rests upon the 6 to 9 p. thick, 



Fig. S23. ChorJoid and sclera of an enucleated eye In cross section: Ch, Chorloid; SK, scleraj 
cAc, chorlocapillary lamina; gf, glassy membrane; p, pigment cells fmelanoblasts) ; p\ pigment cells 
in the sclera; sch, suprachorioid lamina; r, veins. 135 X. After Schafler. 


stratified squamous type tvith an average 
thickness of 50 p and consists, as a rule, 
of five layers of ceils (Fig. 526, £). The 
basal cells, adjacent to the membrane of 
Bowman, are large cuboidal or low colum- 
nar elements with a rounded outer surface, 
a clear cytoplasm, a round or oval nucleus, 
and a diplosome in the apical part of the 
cell body. The cells of the second layer 
have an irregular polyhedral form. In the 
successiv e layers the cells become increas- 
ingly flattened. The outer surface of the 
cornea is quite smooth and is composed of 
large squamous cells. 

As in other ty pes of stratified squamous epithe- 
lium (p. 31) the cells in the corheaJ epithelium 
are connected with one another by tbm inter- 
cellular bridges Very often wandering lymphoid 


indistinctly fibrillaled membrane of Bow- 
man. This is a condensed outer layer of 
the subjacent substantia propria from 
which it cannot be isolated (Fig. 526, £!)• 
At the periphery of the cornea it ends 
abruptly. The membrane does not contain 
clastin. 

Substantia Propria. This layer (Fig. 
526, 5) forms about 90 per cent of the 
cornea. It is a transparent, regular con- 
nective tissue whose bundles form thin 
lamellae arranged in many layers. In each 
layer the direction of the bundles is par- 
allel; in the adjacent lamellae the bundles 
intercross at various angles. The lamellae 
everywhere interchange fibers and thus 
arc kept tightly together. Between the 
fibnls, the bundles and the lamellae, there 
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serrata. This layer contains Haltencd filiro- surface is covered by the darkly-pigmen- 

blasts, wlijclj by some authors were ted ciliary portion of the retina. In a 

wrongly described ns a separate endo« meridional section througli the eye bulb, 

thelial layer. the ciliary body appears as a long, thin 

Gfnssy or Brtic/i’s ilfembroiio. Tim triangle with it* small base facing the an* 

is a brilliant limiting line 1 to 4 ft thick terior chamber of the eye and attached 

between the chorioid and the pigment ep- here by its outer angle to the scleral roll; 

ilhelium of the retina (Fig. 525, It the long narrow angle extends backward 

can be subdi\ided into two lamellae. The and passes into the chorioidea (Fig. 529). 

outer one, facing the capillary lajcr, is The inner surface of the ciliary body is 
formed by a dense plexus of finest elastic subdivided into a narrow anterior zone, 
fibers which are the continuation of the the corona or ciliary crown (Fig. 528. 
elastic nets of the capillary interstices. Tile Gor), and 'a broader posterior zone, the 



Fig. 528 Anterior half of the e^e seen from within; N, Nasal and, T, temporal side; Os, ora 
serrata retinae, Or, ciliary ring, Cor, ciliary crown; Cf, circumlental space; L, posterior surface 
of tile lens with the lens star 3 X After Salzmann. 

inner, thicker lamella is homogeneous, orbicular or ciliary ring (Fig. 528, Or). 

Whereas the first is of connective tissue The inner surface of the ring is fairly 

origin, the second is produced by the smooth and shows only shallow meridi- 

pigment epithelium of the retina. onal grooves, ciliary striae, which run for- 

Ciliary Body. If the eyeball is cut ward from the teeth of the ora. 
across along its equator, and its anterior The ciliary crown has a uniform width 
half, after removal of the vitreous, is in- along its entire circumference. It carries 

spected from within, a sharply outlined, on its inner surface seventy radially ar- 

dentate border is seen running around the ranged ridges or folds, the ciliary proc- 

inner surface of the wall in front of the esres (Fig. 529, PC) . The crests of the 

equator. This is the ora serrata of the ridges are less pigmented than their 

retina (Fig. 528, Os) • The girdle between lateral surfaces and the depressions be- 

the ora and the edge of the lens ( L) is the tween the ridges. 

ciliary body. It is formed by a thickening Gliary Muscle. The main mass of the 
of the vascular tunic of the eye. Its inner mliary body, exclusive of the ciliary proc- 



606 


TEXTBOOK OE HISTOLOGY 


terior chamber (see p. 629i. Il is usually filled 
wirJi clear liquid and conuins blood only in cases 
ol stasis in tlie tenons system. 

The transparency of the corneot ils most 
yeTnarkabJe propert}’, Oiough less than 
that of the aqueous humor and o£ glass, is 
high, ft js due partly to the great reg- 
ularity of its structural composition, and 
partly to other factors still improperly 
understood: chemical, microphystcal (col- 
loidal), and Olliers. 

THE VASCHLvU tunic <UVEA> 
Chorioul IMcmbranc. The chorioid is 
a lliin, soft, brown membrane adjacent to' 


as in the rest of the uvea are scattered 
macrophages. 

The lamellae of the suprachorioid pass 
liithout a distinct boundary into the sub- 
stance of the chorioid. This tunic can be 
subdivided into three main layers. From 
outside inward they are: (1) the vessel 
layer, (2) the capillary layer, and (3) the 
glassy or Bruch’s membrane. 

yesscl hrtyer. Tliis layer consists of a 
multitude of intercrossing large and me- 
dium-sized arteries and veins {lower por- 
tion of Ch in Fig. 525). Tlie spaces be- 
tween the vessels are filled with loose 
connecliy-c tissue rich in chromatophores. 



Fig. 527. Meridioflal welion through the scleral liirrow; C, Cornea; I>, border of Desetmet's 
membrane; /, irjs root; i. u>ea] framevorU; ,tfc. ciliary mu«cle; Pth, beginning of the perichorioidal 
space; Sch, canals of Schlemm; with their \fins; V ; Sw, scleral roll; T, deep root o! the scleral 
framewovk; anterior tnaisma] ring. % X. After Salu\ann. 


tlie inner surface of the sclera (Fig. 525, 
Ch). Between the sclera and the chorioid 
is a potential cleft, the perichorioidal 
space; it is traversed by thin lamellae 
which run obliquely from the chorioid to 
the sclera and form a very loose, pig- 
mented tissue layer — the suprachorioid 
layer. 

The suprachorioid layer is composed of 
fine, transparent membranes or lamellae 
with fibroblasts on their surface and with 
a rich network of elastic fibers (Fig. 525, 
sck). Everywhere between and in the 
lamellae large flat melanoblasls arc scat- 
tered {Fig. 525, p). lu the suprachorioid 


The lamellar arrangement here is much 
less distinct than in the suprachorioid. 
According to some, the vessel layer con- 
tains strands of smooth muscle nb/eh are 
independent of the arteries. 

C/wriocapi((fjry Layer. This js 
formed by a capillary network arranged 
in one plane (chc in Fig. 525). In places 
this layer is connected w’ith the vascular 
layer. The individual capillaries have a 
large and someuhal irregular caliber. ’Hie 
net is especially dense and the capillary 
fajer much thicker at the posterior pole of 
the eyeball, in the region of the fovea. An- 
teriorly it ceases in the region of the ora 
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esses, consists of the smooth ciliary mus- 
cle (Fig. 529, MC) . It occupies a periph* 
eral position, and, in a meridional section, 
repeats the triangular form of the ciliarj- 
body. It can be considered as the anterior, 
thickened edge of the suprachorioid la- 
mina attached to the sclerocorneal junc- 
tion. 

The ciliary muscle is composed of three 
portions. The outermost, closest to the 
sclera, is the muscle of Briicke whose bun- 
dles form a dense, netlike framework 
stretched chiefly in the meridional direc- 
tion. Anteriorly this portion increases in 
thickness until it constitutes about one 
third of the ciliary muscle. It is partly in- 
serted to the scleral roll, and partly di- 
rectly attached to the sclera (Cramplon’s 
muscle). This outer part of the ciliary 
muscle stretches the chorioldea and is also 
called temor muscle of the chorioid. Its 
role in the process of accommodation is 
discussed in tiie section dealing with the 
lens. In the next inward portion of the 
ciliary muscle, in its deeper layers, the 
bundles of muscle cells radiate fanlike 
from the region of the scleral roll toward 
the cavity of the eyeball; this is the radi- 
ated or reticular portion of the ciliary 
muscle. The inner angle of the ciliary mus- 
cle, in a meridional section, consists of 
cross sections of small bundles. This is the 
third or circular portion of the ciliary 
muscles, or the muscle of Muller (Fig. 
529. MM ) . Tins portion is usually absent 
in the newborn, appearing in the course 
of the second or third year. 

Tlie fibers of the ciliary muscle contain 
an oval nucleus and very distinct myo- 
fibrils. The cIcftHke meshes between the 
muscular bundles are filled with a small 
amount of connective tissue with abun- 
dant elastic networks and chromato- 
phores. The latter become especially nu- 
merous toward the sclera and backward, 
where the connective tissue gradually 
passes into the lamellae of the supra- 
chorioid. 


■nie inner, vascular layer of the ciliary 
body consists of connective tissue with 
numerous blood vessels. In the ciliary ring 
it IS the direct continuation of the same 
layer of the chorioid. In the region of the 
ciliary crown it covers the inner surface 
of the ciliary muscle and forms the core 
of the ciliary processes. The vessels are 
almost exclusively capillaries and veins 
of \'arying caliber which have mostly a 
meridional course. The corresponding ar- 
teries branch in the peripheral layers of 
the ciliary body. 

The connective tissue is dense, espe- 
cially near the root of the iris, and con- 
tains abundant elastic networks. In old 
age it often shows hyaline degeneration. 
Chromalopbores are usually found only 
near the surface of the muscle. 

The inner surface of the vascular layer 
of the ciliary body is lined by the con- 
tinuation of the glassy membrane of the 
chorioid. In the region of the ciliary body, 
however, tliis membrane splits into three 
distinct lamellae, where a thin additional 
intermediate layer is interposed between 
the two iameilae seen in its chorioidal 
portion. 

Immediately adjacent to the connective 
tissue of the vascular layer of the ciliary 
body is the elastic lamella, a thin, dense, 
clastic network. Inwardly it is followed by 
a dense, meridionally fibrillated collagen- 
ous sheet ^vith a fe^v fibroblasts. Finally, 
the inner surface of the uveal portion of 
the ciliary body with its striae and ex- 
crescences is coated with the cuticular 
lamella. The epithelial layer is attached to 
its wrinkled surface. 

The ciliary portion of the retina con- 
tinues forward beyond the ora serrala. 
where it covers the inner surface of the 
ciliary body. This part consists merely of 
an outer pigmented layer and of a non- 
pigmented inner layer, and does not play 
any role in (he perception of light stimuli. 

This deeply pigmented epithelium con- 
sists of one layer of columnar cells and 
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esses, consists of the smootli ciliary inus- 
cle (Vig. 529, MC). It occupies a periph- 
eral position, and, in a meridional section, 
repeals the triangular form of the ciliary 
body. It can be considered as the anterior, 
thickened edge of the suprachorioid la- 
mina attached to the sclerocorneal junc- 
tion. 

The ciliary muscle is composed of three 
portions. The outermost, closest to the 
sclera, is the muscle of Briicke whose bun- 
dles form a dense, nellikc framework 
stretched chfe/ly in the meridional direc- 
tion. Anteriorly this portion increases in 
thickness until it constitutes about one 
third of the ciliary muscle. It is partly in- 
serted to the scleral roll, and partly di- 
redly attached to the sclera (Cramplon’s 
muscle). This outer part of the ciliarj 
muscle stretches the cliorioidea and is abo 
called tensor muscle of the chorioid. Its 
role in the process of accommodation is 
discussed in the section dealing with the 
lens. In the next inward portion of the 
ciliary muscle, in its deeper layers, the 
bundles of muscle cells radiate fanlike 
from the region of the scleral roll toward 
the cavity of the eyeball; this is the radi^ 
txted or reticular portion of the ciliary 
muscle. The inner angle of the ciliary mus- 
cle, in a meridional section, consists of 
cross sections of small bundles. This is the 
third or circular portion of the ciliary 
muscles, or the muscle of Muller (Fig. 
529, MM) . This portion is usually absent 
in the newborn, appearing in the course 
of the second or third year. 

The fibers of the ciliary muscle contain 
an oval nucleus and very distinct myo- 
fibrils. The cleftlike meshes between the 
muscular bundles are filled with a small 
amount of connective tissue with abun- 
dant elastic networks and chromato- 
phores- The latter become especially nu- 
merous toward the sclera and backward, 
where the connective tissue gradually 
passes into the lamellae of the supra- 
chorioid. 


The inner, vascular layer of the ciliary 
body consists of connective tissue tvith 
numerous blood vessels. In the ciliary ring 
it is the direct continuation of the same 
layer of the chorioid. In the region of the 
ciliary crown it covers the inner surface 
of the ciliary muscle and forms the core 
of the ciliary processes. The vessels are 
almost exclusively capillaries and veins 
of varying caliber which have mostly a 
meridional course. The corresponding ar- 
teries branch in the peripheral layers of 
the ciliary body. 

The connective tissue is dense, espe- 
cially near the root of the iris, and con- 
tains abundant elastic networks. In old 
age it often shou's hyaline degeneration. 
Cbromalophores are usually found only 
near the surface of the muscle. 

The inner surface of the vascular layer 
of the ciliary body is lined by the con- 
tinuation of the glassy membrane of the 
chorioid. In the region of the ciliary body, 
however, this membrane splits into three 
distinct lamellae, where a thin additional 
intermediate layer is interposed bebveen 
the two lamellae seen in its chorioidal 
portion. 

Immediately adjacent to the connective 
tissue of the vascular layer of the ciliary 
body is the elastic lamella, a thin, dense, 
elastic nelu'ork. Inwardly it is followed by 
a dense, meridionally fibrillated collagen- 
ous sheet with a few fibroblasts. Finally, 
the inner surface of the uveal portion of 
the ciliary body with its striae and ex- 
crescences is coated with the cuticular 
lamella. The epithelial layer is attached to 
its wrinkled surface. 

The ciliary portion of the retina con- 
tinues forward beyond the ora serrala. 
where it covers the inner surface of the 
ciliary body. This part consists merely of 
an outer pigmented layer and of a non- 
pigmented inner layer, and does not play 
any role in the perception of light stimuli. 

This deeply pigmented epithelium con- 
sists of one layer of columnar cells and 
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A thin layer of the stroma immedlalely 
subjacent to the mesenchymal epithelium, 
the anterior stromal sheet or lamella, is 
devoid of blood vessels. Farther inivard » 
the thick vessel layer. Its posterior surface 
is covered willi a double layer of heavily 
pigmented epithelium, the iridial portion 
of the retina. 

Anterior Stromal Sheet or Lamello. Tlii« 
contains, in a lionjogencous prouni] subslanre, 
a tetir collagenous fibers and a large number of 
polymorphous fibroblasts and aumeroes ebromato- 
phores. The color of tlie iris depends on tJie 
quantity, Uie color, and the arrangement of the 
pigment and on the tbkkness of llie lamella. 

If this layer is ibin and its cells contam but 
little or no pigment, the black pigment epilbehum 


retina originates. It is the direct continuation 
of the ciliary portion of the retina and, like the 
latter, origiaally consists of two lajers of epitlie- 
liimu Beginning with the ciliary margin of the 
iris, howeter, tliese tno layers a«sume a different 
cliaracler. The inner nonpigmented laKf of the 
ciliary portion becomes heavify pigmented in the 
iridial region, and the outer pigmented layer 
becomes le«s pigmenteih In the ins the outer 
less pigmented layer differentiates into^smooth 
mu<cles (Fig. 530, FL, FQ). 

Mtiseles of the Jris. Being an ad;ustable 
diapbragm, the ins contains two smooth muscles 
which, tiirough their tonus, keep this membrane 
constantly stretched and press it against the 
surface of the fens. The contraction of the cir- 
cular sphincter of the pupil reduces the pupil 
(Figs. 529. ,1/5; 531. Sph) It h a thin, flat ring 
whose breadth changes according to the contrac- 





Fig. 531, Badial (meridionall section of the pupillary border of the Iris of a newborn infant: IE, 
Inner epithelial laser and, AE, outer epithelial layer of the optic cup, Sph, sphincter; Dil, dilator 
of the pupil; Psp, spurbke process of epithelium, fsfr, stroma of the tris. After v. S?«!y, from Franz. 


on the posterior surface, as seen through the 
semiopaque, colorless tissue, gives the ins a blue 
color (Fjg. 530, D). An increasing amount of 
pigment brings about the different shades of gray 
and greenish hues. Large amounts of dark pig 
menl cau'-e the brown color of the ins (Fig. 530, 
J). In albinos tlic pigmeni is absent or very scanty 
and the ins is pink because of its blood vessels. 

i'essel Lajer. This iajer contains the numer- 
ous blood vessels. The spates between them arc 
ftifed nifli a loose, spongy connective tissue. 
Among the branched chromatophores in the 
pupillary zone, m front of the sphincter of the 
pupil, a variable number of large, round pig- 
ment cells IS scattered Tiiese cells are bebeved 
to be displaced cells of the pigment epitbehum 
of the iridial portion of the retina. 

Iridial Portion of the netiiin. The epithehal 
pigment layer on the posterior surface of the 
ins peneiicallv lepre'-ents the anterior section 
of the secondary optic vesicle from wbich the 


tion of the uis, from 0.6 to 1.2 mm. It surrounds 
the margin of the pupil and ia separaied from the 
retinal pigment layer by s very thin, slightly 
con()en<«d, connective tissue layer. Its smooth 
muscle fibers are arranged in thin circular bun- 
dles and on the posterior surface ale often seen 
to cour'-e obliquely to the diiarator of the pupil. 

Tlie muscle which widens the pupil, the difaior 
of the paptl, consists of radially arranged 
myo-epithelial elements t Figs. 529, MD; 530, FL, 
531, Oif) Ttiese fotm a thin membrane between 
the posterior surface of the vessel layer and the 
anterior surface of the pigment epithelium and 
an«e through the transformation of the major 
pan of the anterior or outer layer of the iridial 
ponion of the retina. 

The elements of the dilator at first axe spindle- 
shaped, fibriUated cells vvitli their cytoplasm 
modeiaiety pigmented in the region of the nu- 
cleus. In the adult, however, the fihrilJated parts 
of the cells become arranged as a separate, con- 
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continues upon the posterior surface of 
the iris where it parilj' undergoes a mus- 
cular dilTerentialion. The inner, colorless 
layer is a simple columnar epithelium. 
The height of its dells decreases from 
behind forward. Its inner surface is lined 
with a distinct glassy membrane — the 
ciliary inner limiting membrane. It is a 
cuticular product of the epithelium and is 
considered to be a continuation of the 
inner limiting membrane of the optical 
portion of the retina. 

Toward the root of the iris, on the on- 


rounded by the pupillary margin of the 
iris (Fig. 529, PR). In a meridional sec- 
tion the thickness of the iris diminishes 
toward both margins. 

On examination in the living, the an- 
terior surface of the iris presents, besides 
its individually varying color, certain dis- 
tinct markings. At a distance of about 1.5 
mm. from the pupillary margin a con- 
centric, jagged line separates the anterior 
surface into an inner, pupillary, and into 
an outer, wider, ciliary zone. In the neigh- 
borlmod of both the pupillary and the 



Fig. S30. A, Posterior part of a radial (meridional) transection of a dark human iris, from an 
enucleated eyeball: FL, Fibrillae of the dilator muscle in longitudinal section; P, pigment epithelium 
of the inner (posterior) la)er of the pars iridica retinae; 52, pigment containing connective tissue 
cells (mclanophores) of the vascular layer; ZK, pigment-containing cell bodies of the dilator muscle 
(outer or anterior layer of the iridial portion of the retina). B, Tangential, section of a light human 
ins. Tlie fibers of the dilator muscle in cross section (FQ ) ; C, blood vessels in the stroma. 380 X- 
After Schaffer. 


terior surface of the ciliary processes, the 
cells of the inner epithelial layer grad- 
ually begin to accumulate pigment gran- 
ules. On the posterior surface of the iris 
they are as heavily pigmented as the outer 
layer. This is the indial portion of the 
retina (Fig. 529, PI). 

Iris. The posterior surface of the iris 
near the pupil rests upon the anterior sur- 
face of the lens; in this way the iris sepa- 
rates the anterior chamber from the pos- 
terior (Fig. 529, I). The peripheral 
margin of the iris, connected wdth the 
ciliary body, is called the ciliary margin 
or the root of the iris. The pupil is sur- 


ciliary margins the anterior surface has 
many irregular excavations, the crypts, 
which may extend deep into the tissue. In 
addition, there are oblique, irregularly 
arranged, contraction furrows; these are 
especially marked when the pupil is di- 
lated (Fig. 529, F.) 

Being a part of the uvea and a continua- 
tion of the ciliary body, the iris in its 
main mass consists of a loose, pigmented, 
highly vascular connective tissue similar 
to the parts just mentioned. The anterior 
surface of this “stroma” is said to be lined 
with endothelium, which continues here 
from the posterior surface of the cornea. 
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muscle, there U alwa>s a simultancnus contrac- 
tion of the pupillary spliincter. 

Pigment Eiulhclittin of the Iris. The large, 
prismatic cells of the pigment epithelium con- 
tain quantities of round, coarse, dark-l»TOv\n 
melanin granules that render their outlines ob- 
scure and make their nuclei hardy visible. At 
the edge of the pupil the pigment epithelium 
bends slightly around the border and is seen 
through the cornea as a thin, dark, pigmented 
seam outlining the aperture (Fig 529, PR). 
Bleached preparations show that at this place 
both original layers of the iridial portion of the 
retina (/£, AE) keep their epithelial character 
and turn into each other in the form of a fold 
(Fig. 531). The outer layer remains here in clo«e 
contact with the inner edge of the sphincter 
muscle (Sph). 

The posterior (inner) surface of the pigment 
layer is covered with a very fine memhrane, the 
hmiting memhrane of the iris, a continuation of 
the inner limiting membrane of tlie ciliary por- 
tion of the retina. 

Anglo of the Iris. This is a circular recess 
at the periphery of the anterior chamber of the 
eye where the posterior surface of the cornea 
and the anterior surface of tlie iris meet (Pigs. 
529, 532). It seems to play an important role 
in the circulation of the intra-ocular liquid and 
shows a peculiar fnteriacing of the constituents 
of the two parts just mentioned. Tlie elements 
of the sclera and of the ciliary muscle also take 
part in the formation of this region, 

The endothelial wall of the ciinai! of SchUmtn 
(Figs. 527. Sek: 529, SC; .532, S) at the corneo- 
scleral iiinction is surrounded by a layer of loose 
connective tissue with numerous cells. This is 
especially prominent at its inner periphery. 
Here a broad band of loo«e connective tissue 
trabeculae, originating from the posterior layer 
of the cornea and lined with endothelium, sepa- 
rates the canal of Schlemm from the anterior 
chamber. This mesliwork is tiie iris angle. It ex- 
tends from the edge of the memhrane of Descemet 
to the scleral roll and to the root of the iris. Its 
meshes, the spaces of Fontana, arc in direct com- 
munication vviih the anterior chamber. It is sub- 
divided into a larger and coarser part, the scleral 
Irametivrk (Fig 527, D, which is adjacent to 
tile sclera, and into a smaller, more delicate 
part, connected with the ins, the urea/ frame- 
worL or the pecfinafe ligament of the ins (Figs. 
527, i; 529, 532, Lp ) . The trabeculae of the uveal 
framework are thinner, threadlike and do not con- 
tain any elastic elements. The nieshv.-ork receives 
small reinforcements from the connective tissue 
of the ciliary muscle and from the sclera. In the 


human eye the meshwork of the iris angle, espe- 
cially its pectinate ligament, is mucli less de- 
veloped than in some mammals. 

THE HETINA 

The retina is the innermost of the tiiree 
coats of the eyeball (Fig. 524) . Being 
the actual photoreceptor organ, it is the 
most important and at the same lime the 
most complex structure of the eye. The 
retina arises in the early slates of embry- 
onic development through a bilateral evag- 
inatioii of the lateral walls of the pros- 
encejvliolon. the primary optic vesicle. 
Later it is transformed into the secondary 
optic vesicle (Fig. 546). Each optic cup 
remains connected with the brain by a 
stalk, the future optic nerve. The opening 
on the anterior pole of the secondary 
optic vesicle corresponds to the pupil of 
the iris in the adult eye. 

In the adult this tunic consists of an 
outer pigmented epithelial layer (Figs. 
534, 535, layer 1) and an inner sheet, 
tlie retina proper (same figures, layers 2 
to 10). Tlie latter does not elaborate pig- 
ment, except in the “macular** region, 
gradually increases in thickness, acquires 
a highly complex structure, and contains 
elements similar to those of the brain tis- 
sue; it may, therefore, be considered as a 
specially differentiated part of the brain. 

As the original cavity of the primary optic 
vesicle disappears, the two layers become 
adherent to each other. 

The subdivision of the retina into three 
parts, the optic, the ciliary and the iridial 
portion, has been already mentioned. The 
optical or functioning portion of the 
refma, or the retina in the narrow sense, is 
the larger posterior portion of this mem- 
brane that lines the inner surface of the 
chorioid and extends from the papilla of 
the optic nerve in the fundus of the eye 
(Fig. 524) to the serrated margin an- 
teriorly (Figs. 524, 528, OS). At the pa- 
pHla, where the retina continues into the v 
tissue of the nerve, and at the serrated 
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tinuous, radially filiTillaletl membrane which w 
called liie posterior stromal sheet or lamella (Fig. 
SSO, FL, FQ)^ Iti meridional sections it appears 
as a distinct, longitudinally striated layer be- 
tween the >es*el layer and the pigment layer (Fig. 
530, FL), The undiderentiated parts ol the cell 


nervation of both muscles, however, is quite dif- 
ferent although both are supplied by visceral 
nerve fibers. The postganglionic neurons for the 
dilator are located in the superior cervical gang- 
lion and are sjjnpaibeiic. Their a.vons pass to the 
gasserian ganglion, thence into the ophthalmic 



Fig. 532. Jiferidional section of the angle of (he iris from an enucleated eyeball: C, Innermost 
layers of the corneal substantia propria; Ca, major arterial ring of the iris; En, endothelium; Fp, 
membrane of Descemet; G, dilator of the pupil; f, stroma of the iris; Lp, pectinate ligament of the 
iris; M, ciliary muscle, M(, circular fibers of ilie ciliary muscle; Fc, ciliary process; Per, ciliary por- 
tion of the retina; Pit, iiidial portion of tfic retina; 5, canal of Schlemm; SA, innermost layers of the 
sclera; Z, fibers of the ciliary zonule o, prgment epitiielium of the ciliary portion of the retina; 
i, inner epithelial layer of the ciliary portion of the retina. 90 X- After SchalTer. 


hodics beep the elongated nucleus, accumulate 
pigment, are pushed backward and form a layer 
of pigmented ••pindle cells (Fig. 530, ZKh The 
latter are only indistinctly set off from the pos- 
terior stromal lamella (FL, FQ) , hut arc sliarply 
separated from (be pigment cpillieliiim (P). 

Numerous muscular connections can be found 
between the sphincter and the dilator The in- 


branch of the latter and finally reach the dilatator 
through the long ciliary nerves. The postgang- 
iionic neurons for the sphincter lie in the ciliary 
ganglion and their axons reach the sphincter 
with the short ciliary nerves which also innervate 
the ciliary muscles; these are parasympathelie 
<p. 203). When the eye accommodates for a 
near object by the contraction of tlie ciliary 
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distingiiislieci (Fig, 535). The inner three where they, are accumulated in greatest 
{/■///) compose the central area distin- numbers. The regions outside the centra 
guished by the great number of ganglion area (IF-V!) including the ora serrata 
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margin, the retina is firmly connected 
wlh the chorioid. 

At a distance of about 3.5 mm. from the 
border of the optic papilla the inner sur- 
face of the retina appears excavated. Tliia 
shallow, round depression is called the 
central fovea (Figs. 524, 533, /; 535, A ; 
538). 

When detached from the pigment epith- 
elium the fresh retina is almost perfectly 
transparent. It has a distinctly ted color 
which is due to the presence in the rods 
of a peculiar substance, the visual purple 
or rhodopsin (p. 618). Light rapidly 


the portion which falls upon the fovea is 
seen sharply. For distinct vision, there- 
fore, the eyes are moved so as to bring 
the object of special attention into this 
central part of the visual field. 

In the area of the optic papilla the ele- 
ments necessary for the reception of the 
light stimuli are absent (Fig. 533). This 
is the “blind spot” of the visual field. 

Layers of Retina. In a histological 
section vertical to the surface of the retina 
and stained >vith a nuclear dye {exclusive 
of the fovea, the papilla, and the serrated 
margin) ten parallel layers can be dis- 
n hr 

I 


Fig. 533. Place of entrance of tUe optic n«r>e and the centra] fovea ©f an etiudeaied human eye 
In liorlzontaJ meridional sections ak, Ouiet nuclear layer; ch, clionoi'd; d, sciera; ds, dural sheath of 
optic nerve; e, physiologic excavation; /, central fovea; g, layer of ganglion cells; gf, Wood vessels; 
tft, inner nuclear layer; icr, lamina cribrosa; n, layer of nenc fibers; p, pigment layer of retina; 
ps, pial sheatli of the optic nerve; sn, bundles of fibers of lb© optic nerve. 17 X* After Schaffer. 


bleaches the visual purple; in darkness 
the color gradually reappears. 


linguished from outside inward (Fig. 
534): (1) the pigment epithelium; (2) 


The fovea, and its immediate vicinity, the layer of rods and cones (bacillary 
contains yellow pigment and is called the layer) ; (3) the outer limiting membrane; 


yclloiv spat (macula lutea ) . 

Large blood vessels circle above and he- 


ld) the outer nuclear layer; (5) the outer 
plexiform layer; (6) the inner nuclear 


low the central fovea whereas only fine layer; (7) the inner plexiform layer; (8) 
arteries and veins, and capillaries, are the layer of ganglion cells; (9) the layer 
present in it (Fig. 538). In the very center of optic nerve fibers, and (10) the inner 
of the fovea, in a territory measuring 0.5 limiting membrane (the numbers i to 10 


mm. across, even the capillaries are ab- 
sent, which greatly increases its transpar- 


correspond with those in Figs. 535-537, 
5391. 

Regions of the Rclina. The distribu- 


The position of the fovea on the inner tion of the cellular and fibrous elements 
surface of the fundus of the eyeball corre- varies considerably in detail from the cen- 
sponds approximately to the visual axis ter of the retina in the fovea to its ante- 
(p. 602). Of the image of an external ob- rior limit at the serrated margin. Thus 
jecl which is formed on the retina, only seven insular or circular regions can be 
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This is supposed to prevent the diffusion ol 
from one rod or cone to another. In an eye pro- 
tected from light the pigment leaves the fringes 
and is massed in the cell body. 

Visual Ceils. These elements are the 
receptors of the light stimuli or photo- 
receptors (2 and 4 in Figs. 534, 535, 536, 
539) . From their position it is clear that 
the light rays, before reaching them, nrnst 
first penetrate the greater part of the 
thickness of the retina. The specifically 
differentiated outer portions of the visual 
cells are radially arranged and are be- 
lieved to be the parts sensitive to light. 

There are two kinds of visual cells: 
fo) the rod cells and (6) the cone cells. 

Jtofl Cells, Tlie rod cell (a) is a slen- 
der, filamentous element arranged with 
its outer portion vertical to the surface of 
the retina (Fig. 536, a; see also Figs. 
534, 539), This causes the regular, radi- 
ated striation of the bacillary layer (2) in 
cross sections. 

The outer or scleral part of the rod cell, the 
rod proper, is situated between the pigment 
epithelium (layer 1). its outward or scleral one 
third or more being embedded between the pig- 
mented fringes, and the outer limiting membrane 
(layer 3), The inner or vitreal end of the rod 
proper extends for a short distance through the 
outer limiting membrane into the foarih layer. 
Each rod consists of an outer and inner seg- 
ment The latter is a trifle stouter and longer than 
the first. The outer segment is a smooth cylinder 
of uniform ihichncss with a rounded outer end 
Its substance has a peculiar brilliancy, is homo- 
geneous in life, and is positively birefringent 

At the junction with the outer the inner rod 
segment conisms a darkly -staining “fiber appa- 
ratus” and a diplosccne In fisiics and m birds 
the inner ro<i segment is contractile During illu- 
mination It lengthens and thus pushes the pSioto- 
sensitive outer ‘egment toward the sclera deeper 
into the pigment epithelium In dim light the 
inner rod segment contracts, moving the outer 
segment closet to the outer limiting membrane, 
thus exposing it to more light This contrscliiity 
of the inner rod segment is little known sa 
primates. 

The rods are fairly uniform in appearance. 
Their dimensions vary somewhat from region lo 
region Their tiiickness in iJie central area (re- 


gions I-III) 13 1 to 1.5 fi, gradually increasing to 
2.5 or 3 M near tlie ora (region VII) . Inversely 
their length decreases in the same direction from 
approximately 60 p in the fovea to 40 p in the 
far periphery. 

The rest of the rod cell is made up of tlie 
rod fiber and the rod body (Figs. 531, 536, 539). 



Fjg. S36. Rods (fl) and cones (5) from an 
osmvc acid fixed, unstained, teased preparation of 
the retina of a rhesus monkey (preparation of 
C. W. Bartelmez). Designation oi layers asm Fig. 
554, Outer rod and cone segments in xone 2^, 
inner segments in 2-6. rod bodies with their nuclei 
in zone 4-b, cone bodies wtth nuclei in d-a; 3, 
outer limiting membrane, parts of which with 
liber baskets stdl adhering to the bases of the 
inner cone segments; fiber apparatus visible in 
the outer (upper) portion of tlie inner cone seg- 
ments. Intermediate zone incorTecliy called 
“vacuole,” between two cone segments visible 
as a bright belt. Some of the outer segments 
shglitly bent or deformed. Camera lucida. 


It extends from the lower attenuated end of the 
rod proper through the fourth layer (4) to the 
middle zone of the fifth layer (5-6) where it 
terminates wuh a tiny, round swelling, the rod 
spherule, smailer than the analogous cone pedicle. 
The rod fiber is a delicate protoplasmic thread of 
smooth appearance and uniform thickness which 
does not exceed I its length varies consid- 
erably. The course of the rod fibers is vertical 
in the extra-areal regions, while in the central 
area it assumes a slanting to horizontal position 
(cf. rone 5-o in Figs. 55i, 535). 

Along the rod fiber is tlie rod body containing 
a nucleus, snaaller and more intensively stained 
than tlie cone nucleus, and surrounded by scant 
protoplasm. The outer fiber together with (he 
rod proper is the homologue of the receptive 
dendritic expansions, the inner rod fiber of ibe 
emissive axis cylinder, of a neuron (p. 181). In 



Fip. S35. Samples from various regions of the retina of a rhesus monkey. A, Diagram of the 
foNea •showing alternating lasers differently ptescnted in the right and left hahes, with the dividing 
line in the foveal center; asterisks indicate the margins of the central or inner fovea (region I) ; the 
outer fovea is indicated by the dip downward of the line separating lajer 2 from laser Ch, chorioid 
membrane, other designations as in preceding figure. /, Floor of the inner or central fovea, and the 
outer fovea (center of region ]) ; JI, perifoveal region; III, peripherj’ of the central areas; il, tl, and 
/// together are the central area ) ; It', near periphery; I', middle periphery; VI, far periphery (these 
with region VII, the extreme periphery near the ora serrata, represent extra-areal periphery). / repro- 
duced at a somewiiat higher magnification than the others (//— f’/). 

of the relina, while the Arabic refer to the cells sends out thin, fringelike, protoplasmic proc- 

lavers 1 esses (10 to <10 to a cell) filled with pigment 

^ ' (fuscm), which surround the rods and cones and 

Pigment Epillielium. This layer consists of separate them from one another. The outer part 

one row of low prismatic cells (layer 1 in Figs, of the protoplasm adjacent to tlie chorioid is free 

531 535, 539). When seen from the surface, they of pigment and contains an oval nucleus, 
usually appear as fairly regular hexagons of an With changes of illumination these pigment 
average diameter of 16 m- frt cross section the inclusions change their position. In an eye whic i 

same cells appear as rectangles 8 high. In the has been exposed to light the rod-siiaped pig- 

region of the fovea the cells are narrower (10 #i) menl granules move into the processes, tims pro- 
and taller (10 to 14 #*). The inner surface of the Tiding each rod and cone with a pigment shea! »• 
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This is supposed to prevent the diffusion of light 
from one rod or cone to another. In an eje pro- 
tected from light the pigment leaves the fringes 
and is massed in the cell body. 

Visual Cells. These elemenls are ihe 
receptors of the light stimuli or photo- 
receptors (2 and 4 in Figs. 534, 535, 536, 
539) . From their position it is clear that 
the light rays, before reaching them, must 
first penetrate the greater part of the 
thickness of the retina. The specifically 
differentiated outer portions of the visual 
cells are radially arranged and are be- 
lieved to be the parts sensitive to light. 

There are two kinds of visual cells: 
(a) the rod cells and (6) the cone cells. 

Rod Cells. The rod cell (o) is a slen- 
der, filamentous element arranged with 
its outer portion vertical to the surface of 
the retina (Fig, 530, a; see also Figs. 
534, 539). This causes the regular, radi- 
ated sliiation of the bacillary layer (2) in 
cross sections. 

The outer or scleral part of the rod cell, the 
rod proper, is situated between the pigment 
epithelium (laver 1), iti outward or scleral one 
third or more being embedded between the pig- 
mented fringes, and the outer limiting membrane 
(layer 3). The inner or vitreal end of the rod 
proper extends for a short distance through ihe 
outer limiting membrane into the fourth layer. 
Each rod consists of an outer and inner seg- 
ment. The latter w a trifle stouter and longer than 
the first. The outer segment is a smooth cylinder 
of uniform thickness with a rounded outer end 
Its substance has a peculiar brilliancy, is homo- 
geneous in life, and is positively blrefringent. 

At the junction with the outer the inner tod 
segment contains a daikly-ataining “fiWr appa- 
ratus” and a diplosome. In fishes and in birds 
the inner rod segment is contractile During illu- 
mination it lengthens and thus pushes the photo- 
sensitive outer segment toward the sclera deeper 
into the pigment epithelium. ,In dim ligtii the 
inner rod segment contracts, moving the outer 
segment closer to the outer limiting membrane, 
thus exposing it to more light. This contractility 
of the inner rod segment is Inile known in 
primates. 

The rods are fairly uniform in appearance. 
Their dimensions vary ■somewhat from region to 
region. Their thickness in the central area (re- 


gions I-III) is 1 to 1.5 fi, gradually increasing to 
2.5 or 3 p near the ora (region VII). Inversely 
their length decreases in the same direction from 
approximately 60 fi in the fovea to 40 p in the 
far peripliery. 

The rest of the rod cell is made up of the 
rod fiber and the rod body (Figs, 531, 536, 539). 



Fig. 536. Rods (o) and cones (5) from an 
osmic acid fixed, unstained, teased preparation of 
the retina of a rhesus monkey (preparation of 
C. W. Bartelmez) - Designation of layers as in Fig. 
531. Outer rod and cone segments in zone 2-a, 
inner segments in 2-b, rod bodies with their nuclei 
in zone 4-5, cone bodies with nuclei in 4-a: 3, 
outer limiting membrane, parts of which with 
fiber baskets still adhering to the bases of the 
inner cone segments; fiber apparatus visible in 
the outer (upper) portion of the inner cone seg- 
ments. Intermediate zone incorrectly called 
“vacuole,” between two cone segments visible 
as a bright belt. Some of the outer segments 
slightly bent or deformed. Camera lucida. 


It extends from the lower attenuated end of the 
rod proper through the fourth layer (4) to the 
middle zone of the fifth layer (5-6) where it 
terminates with a tmy, round swelling, the rod 
spherule, smaller than the analogous cone pedicle. 
The rod fiber is a delicate protoplasmic thread of 
smooth appearance and uniform thickness which 
does not exceed 1 p’, its length varies consid- 
erably. The course of the rod fibers is vertical 
in the extra-areal regions, while in the central 
area it assumes a slanting to horizontal position 
(cf. ®one 5-a in Figs 534, 535) . 

Along the rod fiber is the rod body containing 
a nucleus, smaller and more intensively stained 
than the cone nucleus, and surrounded by scant 
protoplasm. The outer fiber together with the 
rod proper is the homologue of the receptive 
dendritic expansions, the inner tod fiber of the 
emisuve axis cylinder, of a neuron (p. 181). In 
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tbe central area the inner rod and cone fibers and 
the corresponding portions of .MiiHer’s fibers 
(p. 622) which en>elop the first two form a thick 
fiber layer, the outer fiber layer of Henle (zone 
5-a in Figs. 531, 535, 1, II, III). Tlie rod nuclei, 
dark-shaded in left-hand drawing in Fig. 534 and 
in Fig. 535, represent the majority of the nuclei 
of the fourth layer (4) in all regions except in 
the fovea where they are few, and in Us center 
where they are absent (7 in Fig. 535) . 

In all rod cells, except those of a zone 3 to 4 
mm. wide at the serrated margin, the rods con- 
tain visual purple called rhodopsin. To this is 
due the red color of the retina during life. Tlie 
central area, too, contains rods although de- 
creasing in numbers and more delicate toward 
the fovea (p. 622). In the periphery of the fovea 
there are only a few rods and none in the foveal 
center; because of this the central fovea, or the 
“macula,” appears as if deioid of rhodopsin. 
When the retina is exposed to light, as during 
the normal visual act, the rhodopsin disinte- 
grates, but is constantly produced anew. This 
regeneration occurs only as long as the connec- 
tion of the rods with the pigment epithelium is 
preserved. 

The number of rods in the human retina, ac- 
cording to Krause, Is 130 millions. 

Cone CcUsa Tliese neurons (b) are 
made up of essentially the same parts as 
the rod cells but differ in detail. On the 
whole, they are bulkier. The outivard por- 
tion instead of being a slender rod is a 
thick, flask-shaped structure. 

The part situated outward to the outer limiting 
membrane (3) is the cone or the cone proper 
(Figs. 534, 535, 536, 539), It, too, is divided 
into two parts. The higlily refractive and fragile 
outer segment is a long, slender Cone with 
straight, smooth outlines (Fig. 536). It rests 
with a broader base upon the stout inner seg- 
ment, and It tapers toward its blunt outward tip 
(the swollen tip often seen is an autolytic ar- 
tefact). It is somevs-hat more resistant than the 
outer rod segment. TJie mner cone segment varies 
in shape and size from place to place. In the 
central region and close to it, its shape is that 
of a cylinder, gradually assuming the likeness of 
a bottle or a barrel in the periphery (Fig. 535, 
l~yi ) . As the rod, it contains a “fiber apparatus'* 
and a diplosome (first clearly visible in Fig. 
536). Also, u is much more resistant to physical 
and chemical agents than tbe outer segment. 
There is no visual purple in the cones; it is pos- 


sible that they contain a similar substance which 
is colorless. 

The dimensions and the shape of the cones 
vary considerably in different regions of the 
retina. In the central fovea the long and slender 
cones measure 75 m or more in length and from 
1 to 1.5 /t in thickness (at the tip of the outer 
and at the base of the inner segment, respectively, 
p. 622). Their length gradually decreases to 40 
or 45 /( in the extra-areal periphery. Here it is in 
general from one sixth to one fourth less than the 
length of the rods. Their thickness at the base 
of the inner segment at the same time increases 
from three to five times the thickness of the inner 
rod segment of the same locality. The usual rela- 
tive length of (he outer and the inner cone seg- 
ment is as three to four; this, however, varies. 
In the fovea the two ore approximately of the 
same length or the outer segment exceeds some- 
what the inner one. As in the rods, the lower end 
of the inner cone segment slips through an open- 
ing in the outer limiting membrane (3). and 
protrudes slightly into the fourth layer. In the 
cone the opening is larger than in the rod. Where 
the cone is fitted into the membrane it is, as is 
the rod, somewhat indented. 

In certain vertebrates (leleostean fishes, am- 
phibians) the inner cone segment, too, is con- 
tractile. It shortens in bright light and stretches 
in dim light or darkness. It is not certain whether 
human cones possess the same piopetty. The dis- 
placement of the cones, where present is, accord- 
ingly, opposite in direction to that of the rods. 

Inward to the outer limiting membrane the 
inner cone segment merges with its 6od/ con- 
taining a nucleus, which is larger and paler 
staining than the rod nucleus (Fig. 536). The 
bodies and nuclei of the cones, as distinct from 
those of the rods, are placed in a single row (4-a) 
immediately beneath the outer limiting membrane 
(Figs. 534, 535, II^l'I, 539). The exceptions are 
the cones in the outer fovea whose nuclei, accumu- 
lated in several rows, are at a short distance 
from the membrane (Fig. 535, /). Only here 
tj«e cones possess an outer fiber. From the body 
of all cones a stout, smooth inner fiber descends 
to the middle zone of the outer plexiform layer 
where it iermwates with a thick triangular 
or club-shaped swelling, the cone pedicle (right- 
hand figure in Fig. 534, and Fig. 539). Up to a 
dozen short, barblike filaments emanate from the 
base of each pedicle, except in the fovea vvhere 
there are usually none. These filamentous out- 
growths spread horizontally in zone S-c. The 
length and course of the inner cone fibers vary 
oinsiderahly depending on the region, tbe long- 
est (6(X) /i) and almost horizontally placed being 



THE EYE 


619 


those in the outer fiber layer of Henie (5-o) in 
the central area (Fjg 535, /, II, III, also Fig. 
534). The inner cone fibers possess all the ear- 
marks of an axis cylinder, the cone pedicle those 
of a teledendron of a neuron. 

The total number of cones in tlie human retina 
IS estimated at from 6,000,000 to 7,000,000 
(Osterberg). The ratio of the nerve fibers of 
the optic nerve (438,000) to the number of cones 
of one eye is as 1:6 or 1:7. Tlie relative num- 
ber and distribution of the rods and cones in 
different vertebrates, depending on the mode of 
life, present great variations. In diurnal birds 
the cones are more numerous than the rods. In 
most diurnal reptiles there are only cones and 
no rods. On the contrary, in many nocturnal 
vertebrates only rods are present; still in others 
a few rudimentary cones can be found among 
numerous rods (Kolmcr) . On similar comparative 
data M. Schultze (1866) assumed a difference 
in the function of the two kinds of photoreceptors 
(duplicity theory). 

The completely differentiated cones in the adult 
primate retina, including those of the fovea, 
are quite distinct from tlie rods. The opinion 
sometimes expressed, that, by analogy with other 
vertebrates, especially birds, there is more than 
one variety of cone cell in mammals including 
primates (which then is related to certain theories 
of color perception, thus to the three-component 
theory of Young and Helmholtz), is not borne 
out by reliable histological criteria, The available 
evidence favors the conception that the cone cells 
throughout the primate retina belong to the same 
variety although tliey vary in detail from place 
to place. This is, however, true also of the rods 
even (hough in a lesser degree. 

Horizontal Cells. These cells (c) are 
typical neurons whose bodies form the 
uppermost one or two rows of the inner 
nuclear layer (zone 6-a in Figs. 534, 539) . 

From the upper end of the body arise 
short dendritic twigs producing several 
tufts spreading in the lower zone of the 
outer plexiform layer (5-c) , where each 
tuft comes in contact with the vitreal face 
of one cone pedicle. The axis cylinder 
arises from the neck or from one of the 
short main dendrites and takes a hori- 
zontal course chiefly in zone 5-c (hence 
the name of this neuron) . After a consid- 
erable course it divides into a great num- 
ber of branchlets, thus producing a lele- 


dendron. Its terminal twigs come in 
contact both with the rod spherules and 
cone pedicles. The horizontal cells (c) , ac- 
cordingly, receive impulses from a group 
of cone cells (6) of one locality and trans- 
mit these to another group of both rod 
cells (a) and cone cells (6) of another 
locality. 

Bipolar Cells. These elements (d, e, f, 
h, i) are the second link in the chain of 
neurons connecting the points where the 
photic energy elicits specific nervous im- 
pulses (rods and cones) with the third 
neuronal link, the ganglion cells of the 
retina, and through these with the visual 
centers of the brain. The bipolar cells, 
too, although only approximately, stand 
upright with respect to the retinal layers, 
and are arranged parallel to one another 
{Figs. 534, 537, 539). In the central 
fovea, however, their position is oblique. 
They are small cells of the bipolar type 
(Fig. 537, A, B. C). Their nuclei sur- 
rounded by a thin layer of protoplasm are 
In the sixth layer (left-hand figure in 
Fig. 534), few only befng dislocated into 
the fifth layer (first d-bipolar from the left 
in Fig. 539). Each bipolar has one or sev- 
eral outward expansions that spread into 
the outer plexiform layer (layer 5) where 
they synapse with the photoreceptors 
(right-hand figure in Fig. 534; Figs. 537, 
539), and usually a single inward expan- 
sion that spreads into the seventh layer 
where it is synaplically related to the gan- 
glions (m, n, o, p, s) and other adjoining 
cells (*, I, Fig. 539) . 

Depending on the appearance of the ex- 
pansions and on the mode of S)'napsing, 
two groups of bipolars can be distin- 
guished: centripetal bipolars which trans- 
mit impulses from rods and cones to gan- 
glion cells {d, e, /, h) and centrifugal 
bipolars which transmit impulses in the 
opposite direction (i). The bipolar cells 
apparently play an essential role in dis- 
tributing and rearranging the impulses re- 
ceived from the rods and cones before 
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the central area the inner rod and cone fibers and 
tlje coiresponding portions of Miiller's Hhcrs 
(p. 622) which envelop the first two form a thick 
fiber layer, the outer fiber layer of Henle (zone 
S-a in Figs. 534, 535, /, //, ///). The rod nuclei, 
dark-shaded in left-hand drawing in Fig. 534 and 
in Fig. 535, represent the majority of the nuclei 
of the fourth layer (4) in all regions except in 
the fovea where they are few, and in its center 
where tliey are absent (/in Fig. 535). 

In all rod cells, except those of a zone 3 to 4 
mm. wide at the serrated margin, the rods con- 
tain visual purple called rhodopsin. To this is 
due the red color of the retina during life. The 
central area, too, contains rods although de- 
creasing in numbers and more delicate toward 
the fovea (p. 622). In the periphery of the fovea 
there are only a few rods and none in the foveal 
center; because of this the central fovea, or the 
“macula,” appears as if devoid of rhodopsin. 
When the retina is exposed to light, as during 
the normal visual act, the rhodopsin disinte- 
grates, but is constantly produced anew. This 
regeneration occurs only as long as the connec- 
tion of the rods with the pigment epithelium is 
preserved. 

The number of rods in the human retina, ac- 
cording to Krause, is 130 millions. 

Cone Cells^ These neurons (h) are 
made up of essentially' the same parts as 
the rod cells but differ in detail. On the 
whole, they are bulkier. The outward por- 
tion instead of being a slender rod is a 
thick, flask-shapcd structure. 

The part situated outward to the outer limiting 
membrane (3) is the cone or the cone proper 
(Figs. 534, 535, 536, 539). It, too, is divided 
into two parts. The highly refractive and fragile 
outer segment is a long, slender cone with 
straight, smootfi outlines (Fig. 536). It rests 
with a broader base upon the stout inner seg- 
ment, and It tapers toward its blunt outward tip 
(the swollen tip often seen is an autolytic ar- 
tefact). It is somewhat more resistant than the 
outer rod segment. The inner cone segment varies 
in shape and size from place to place. In the 
central region and close to it, its shape is that 
of a cylinder, gradually assuming the likeness of 
a bottle or a hand in the periphery (Fig. 535, 
t^Vl) . As the rod, it contains a “fiber apparatus” 
and a diplosotne (first clearly visible in Fig. 
536). Also, n is much more resistant to physical 
and chemical agents than the outer segment. 
There is no visual purple in the cones; it is pos- 


sible that they contain a similar substance which 
is colorless. 

The dimensions and the shape of the cones 
vary considerably in di/Terent regions of the 
retina. In the central fovea the long and slender 
cones measure 75 n or more in length and from 
1 to 1.5 ft in thickness (at the tip of the outer 
and at the base of the inner segment, respectively, 
p. 622). Their length gradually decreases to 40 
or 45 ft in the extra-areal periphery. Here it is in 
general from one sixth to one fourth less than the 
length of the rods. Their thickness at the base 
of the inner segment at the same time increases 
from iJirce to five times the thickness of the inner 
rod segment of the same locality. The usual rela- 
tive length of the outer and the inner cone seg- 
ment is as three to four; this, however, varies. 
In ibe fovea the two are approximately of the 
same length or the outer segment exceeds some- 
what the inner one. As in the rods, the lower end 
of the inner cone segment slips through an open- 
ing in the outer limiting membrane (3), and 
protrudes slightly into the fourth layer. In the 
cone the opening is larger than in the rod. WJiere 
the cone is fitted into the membrane it Is, as Is 
the rod, somewhat indented. 

In certain vertebrates (leleostean fishes, am- 
phibians) the inner cone segment, too, is con- 
tractile. It shortens in bright light and stretches 
in dim light or darkness. It is not certain whether 
human cones possess the same property. The dis- 
placement of the cones, where present is, accord- 
ingly, opposite in direction to that of the rods. 

Inward to the outer limiting membrane the 
inner cone segment merges with its body con- 
taining a nuc/eus, which is larger and paler 
staining than the rod nucleus (Fig. 536). The 
bodies and nuclei of the cones, as distinct from 
those of the rods, are placed in a single row (4-o} 
immediately beneath the outer limiting mentbrane 
(Figs. 53J, 535, Il-Vi, 539). The exceptions are 
the cones in the outer fovea whose nuclei, accumu- 
lated in several rows, are at a short distance 
from the membrane (Fig. 535, /). Only here 
the cones possess an outer fiber. From the body 
of all cones a stout, smooth inner fiber descends 
to the middle zone of the outer plexiform layer 
{5-b) where it terminates with a thick triangular 
or elub-siiaped swelling, the cane pedicle (right- 
hand figure in Fig 534, and Fig. 539). Up to a 
dozen short, barbJike filaments emanate from the 
base of each pedicle, except in the fovea where 
there are usually none. These filamentous out- 
growths spread horizontally in zone 5-c. The 
length and course of the inner cone fibers vary 
considerably depending on the region, the long- 
est (600 ft) and almost horizontally placed being 
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lho?e in fhe outer fitcr Jajcr of Ifenic (So) in 
the central area (Fip. 533, /, //, III, oho Fig. 
531). Tiie inner cone fillers possess all the ear- 
marks of an a\i« cjlindcr, l)ic cone pedicle (lios« 
of a of a neuron. 

Tile total niiniber of cones In tlic liuman retina 
is fsiimaied at from 6.000,000 to 7.000,000 
(Osterberg). Tl;e ratio of the nerve fibers of 
ibt optic nene <438,0001 to tlie numiicr of cones 
of one e)e is as 1;6 or 1:7. The reJaihe num- 
ber and distribution of ibe rods and cones in 
diiTerent vertebrates, depending on ibe mode of 
life, present great variations. In diiimal birds 
the cones are more numerous tlian tlie rods. lo 
most diurnal reptiles there are only cones and 
no rods. On tbe contrar>-, in many nocturnal 
vertebrates only rods are present; still in otbers 
a tew n/dimcnlary cones can be found among 
numerous rods (Kolmer). On similar comparative 
data M. Scbnltre fl866> a»sumcd a difference 
in tlie function of tlie ivio kinds of pbotorecepfow 
(dupbcjty thcoT}-). 

Tlie completely differentiated cones in tbc adult 
primate retina, including those of tlte fovea, 
are quite distinct from the rods. Tlie opinion 
sometimes expressed, that, by analogy with other 
vertebrates, especially birds, there is more than 
one variety of cone cell in mammals including 
primates f vvbicb then is related to certain theories 
of color perception, thus to (be tbree-component 
theory of Young and ileltniiollz), is not borne 
out by reliable histological criteria. The available 
evidence favors tiie conception that the cone cells 
tlirougbout the primate retina belong to the tame 
variety allbough (hey vary in detail from place 
to place. This is, boirever, true also of the rods 
even though in a lesser degree. 

Horizontal Cells. These cells (ef arc 
typical neurons whose bodies form llie 
uppermost one or two rou’s of the inner 
nuclear layer {zone <5-a in Figs. 534, 5391. 

From the upper end of the body arise 
short dendritic tirigs producing several 
tufts spreading in the lower rone of the 
outer plexiform layer (5-c), where each 
mft comes in contact with the vitreal face 
of one cone pedicle. The axis cylinder 
arises from the neck or from one of the 
short main dendrites and takes a hori- 
zontal course chiefly in zone 5-c (hence 
the name of this neuron) . After a consid- 
erable course it divides into a great num- 
ber of branchlets, thus producing a tele- 


dcndrori. Its Icrminal twigs come in 
contact both with live rod spherules and 
cone pedicles. Tlie horizontal cells (c) , ac- 
cordingly, receive impulses from a group 
of cone cells (b) of one locality and trans^ 
mit these to another group of both rod 
cells (a) and cone cells (b) of another 
locality, 

Bipotnt* Cells. These elements (d, e, f, 
h, i) arc the second link in (he chain of 
neurons connecting the points where the 
photic energy elicits specific nervous tin- 
pubes (rods and cones) with the third 
neuronal link, the ganglion cells of the 
retina, and through these with the visual 
centers of the brain. The bipolar cells, 
too, although only approximately, stand 
upright with respect to the retinal layers, 
and are arranged parallel to one another 
(Figs. 534, 537, 53PJ. In the central 
fovea, however, their position is oblique. 
Tltcy arc small cells of the bipolar lypc 
(Fig. 537, A, B. C). Their nuclei sur- 
rounded by a thin layer of protoplasm are 
in Ihc sIkiK layer (left-hand ftgurc in 
Fig. 534), few only being dislocated into 
the fifth layer (first d*bipolar from the left 
in Fig. 539) . Each bipolar has one or sev- 
eral outward c.xpansions that spread into 
the outer plexi/orm layer (layer 5) where 
they synapse with the photoreceptors 
(right-band figure in Fig. 534,' Figs. 537, 
539), and usually a single inward expan- 
sion that spreads into the seventh layer 
where it is synaptically related to the gan- 
glions (m, n, o, p, s) and other adjoining 
cells (I, I, Fig. 539). 

Depending on the appearance of the ex- 
pansions and on the mode of synapstng, 
two groups of hipolars can be distin- 
guished; centripetal hipolars which trans- 
mit impulses from rods and cones to gan- 
glion cells (d, e, /, A) and centrifugal 
hipolars which transmit impulses in the 
opposite direction (i). The bipolar cells 
apparently play an essential role in dis- 
tributing and rearranging the impulses re- 
ceived from the rods and cones before 
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transmitting them to the third category of 
retinal neurons, the ganglion cells. 

Ganglion Cells. These cells (m, n, o, 
p, s in Fig. 539, and layer 8 in Fig. 534) 
represent the third link, the last in the 
retina, of the chain of neurons that form 


The bodies are placed in the ganglion 
layer (fi). A few are displaced into the 
lowermost zone of the inner nuclear layer 
i6-d). Tl:eir dendrites spread in the Inner 
plexiform layer (7). Nissl’s chromophil 
substance is present in all. 





0 E 

Fig. 537. Photomicrographs of different varieties of centripetal bipolar cell; variety d (in A and 
in D) , variety c (m E) . variety / (in B), variety h (in C and in D). Method of Golgi. Rhesus monkey. 
A, B, C at low, D and E at high magnification. Designation of layers as in Fig. 534. 


the afferent visual pathway. These cells 
are larger than those of the two nuclear 
layers, and closely resemble the neurons 
of the brain. The larger cells are char- 
acteristic of the periphery, the smaller of 
the central area, particularly of the fovea, 
where they are most numerous. 


From the body or the chief dendritic 
trunk of each ganglion cell arises one axis 
cylinder that leaves the retina and be- 
comes an optic nerve fiber which termi* 
nates with a teledendron in the subcortical 
visual centers of the brain. 

Arrangement and Coarse of tho 
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Optic Nci^c Filers in tiic Prininlc 
Rctiiin. Because of the presence of the 
central fo\ea, tljc optic nerve fibers have a 
special course (Fig. 538). While in gen* 


more or less tlircclly to the temporal edge 
of the papilla. {These are usually labeled 
the papillo-macular bundle.) The fibers 
arising from both temporal quadrants of 



Fig. 5S8. Itelina of the right eve ot an adult rhesus monkey as seen in a total preparation. InUa* 
viial Blaming with methylene blue (ElirbcJiK The elliptic papilla of the optic nene h near the right 
side of the figure. Fine lines radiating from the papilla m all directions represent bundles of optic 
nerve fibers. The stippled circular area almost free from fibers ts the centra! fovea. Within it a small 
while circle is the floor of the fovea; the dark nng surrounding it is the foveal slope. Note the 
direction oi some of the foveal fibers straight to the fovea, of others more or less circling to it or 
around it, encircling the foveal region from above and below, and forming on the temporal side to 
it (left) the horizontally placed “raphe” or retinal seam, c. Arteries; v, veins. Camera lucida. 8 X. 


eral all optic nerve fibers converge 
radially toward ihe optic papilla, mostly 
taking (he shortest course, in the temporal 
half only a part of the fibers originating in 
tbe nasnl porlion of the central fovea pass 


the retina bend above and below the hori- 
zontal meridian and thus reach the optic 
papilla. As a result, all fibers originating 
in the upper temporal quadrant of the 
retina circle above the central area or 
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fovea on their Avay to the optic papilla, 
whiJe those originating in the lower tem- 
poral quadrant circle below the central 
area, following fairly closely the larger 
retinal vessels {a, v, in Fig. 538), 

A liorizonta! line connecting the fovea with the 
temporal circiimlerencc of the retina is the" line 
of cleavage from where the optic nerve fibers 
proceed eitlier upward or downward. Tins 
“rapfie"' thus separates the optic nerve fibers of 
the upper from those of the lower temporal 
quadrant. 

This principle of scpaRilion of the upper from 
the lower quadrantic fibers is preserved along 
tlie central visual pathway as far as the cortical 
visual center. 

Anot)»er peculiarity of the alTcrenl vi«ual path- 
way }n primates is the division of each retina 
into two halves along a vertical line, the vertical 
meridian, passing tlnough the center of the fovea. 
Tlie fibers origiDalIng in the nasal lialf cross in 
the cliiasma of the optic nerves and pass to the 
optic tract of the opposite side, those originating 
In the temporal half enter into the tract of (he 
same side. Each optic tract is, therefore, com- 
posed of fibers from the temporal half of the same 
side and from the nasal half of the retina of the 
opposite eye. This arrangement llkeivise remains 
in tile visual radiation in the occipital lobes o( 
the brain. It accounts for the blindness in the 
opposite halves of the two fields of view (homon- 
ymous hemianopia) when the optic tract or the 
visual radiation of one side is interrupted. (The 
CTD$«ed blindness is due to the crossing of the 
rays in the eyes.) 

Supporting or Neuroglial Ele- 
ments of the Retina. The retina, a 
modified part of the brain vesicle, contains 
supporting elements of neuroglial char- 
acter. The most important are the radial 
fibers of Muller (u in Fig. 539). These are 
present ever)’where in ihe central area in- 
cluding the fovea, as well as in the per- 
iphery. 

Their oval nuclei lie in the middle lone of 
the inner nuclear layer (d-c, righi-hand drawing 
in Fig. 531) The cell body is & sJender fiber or 
pillar which extends radially from the outer (3) 

(0 the inner limiting membrane (/(?). Their inner 
ends expand conically and together form or ap- 
pear as the inner limiting membrane ilO in Figs. 
554, 555, S39). In the two plexilorm layers the 
radial fibers give off many branches, which fonn 


a dense neuroglia! network in whose meshes the 
ramifications of the various neurons described 
above are lodged. 

In the ganglion layer and In (he inner and 
outer nuclear layers, the cell bodies of the radial 
fibers are beset with numerous sochel-like excava- 
Ilona enveloping bodies of the ganglion cells, 
hipolars, horizontals, end of the cone and tod 
cells. Tlie bodies of the nervous elements appear 
to be completely enveloped in very thin husks 
of supporting structures, and are in such a way 
insulated; the rod and cone fibers are hkenise 
encased in thin tubehke sheaths produced by 
Afiillcr’s fibers. 

At the limit between the outer nuclear layer 
and the layer of the rods and cones the radial 
fibers fuse in the tangential plane and form the 
outer limiting rnembrene (3 in Figs, 53-1-535, 
539). This is pierced by numerous openings 
through which the rods and cones are connected 
with their inner parts, (heir bodies, 

Ccnlrol Area and Fovea (“3Iae- 
ula”). In the region not far lateral to the 
optic papilla the structure of the retina 
presents important alterations which are 
adaptations of this locality to its function 
as the place of distinct vision. The chief 
choracteiistics of this region is the ag- 
glomeration of cones .and other nenous 
elements in numbers greater than outside 
it and iheir structural refinement and 
synaptic perfection. This is the central 
area. In addition, in the center of this 
area, the layers inward to the zone 5-c are 
displaced laterally, producing a shallov? 
depression on the vitreal surface of the 
retina called central fovea. This permits 
an almost free passage of the rays of light 
to the layer of photoreceptors (2). ft is 
here where the visual axis touches the 
retina. 

Hjc central fovea has the shape of a round 
or slightly elliptical, shallow bowl with its con- 
cavity toward the vdtreous (Fig. 535, f and -fl- 
it IS in the center of the central area at a dis- 
tance ti( 2 or 2.5 mm., or somenhat more, on 
the temporal side of the papilla In its center a 
fioor or fundus can be distinguished, with the 
slopes and a margin of the foiea. The width from 
edge to edge of the entire fovea! depression meas- 
ures 1 5 mm. 

In the fundus of the central fovea, the cones 
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Fig. 539. Diagram representing the structures of the primate retina composed from numerous 
Golgi'Staincd preparations o! man, chimpanzee and macaque. The designation o! la>ers and zones 
on the left side as in Fig. 531. In the upper part the slender structures are the rod cells (o), the 
thicker ones the cone cells (6) ; c, horizontal cell; d, e, /, h, centripetal bipolar cells; i, centrifugal 
bipolar cell; /, inner horizontal or association cell; m, n, o, p, s, ganglion cells; u, parts of the radial 
fibers of INIiiller, with their nuclei in 6, and their loner or inner ends forming the inner limiting mem- 
brane (10). Note the various synaptic relations between different neurons, reciprocal o>erlapping of 
expansions or its ab'ence, the probable direction of the nenous impulses indicated by arrows, end 
otlier details. Tlie indicated termination of the l-axon is not completely proved. In this figure the 
rods and the cones are not designated by letters a and b as in Fig. 536. 


are most numerous and are thinner and longer 
than elsewhere in the retina. This formation 
is the outer foiea. 

The number of cones in the outer fovea is 
from 20.000 to 25,000. This region, which is almost 
the same as the foveola or the unobstructed floor 
of the inner fovea, measuring 400 p or some- 
what more across, lery likely corresponds to the 
portion of the Held of view where sision is most 


discriminating. The rod-free area where only 
cones are present, measures from 500 to 550 p 
across. Here the number of cones js up to 30,000. 
The foveal cones are morphologically as distinct 
from the rods, in spite of their reduced dimensions 
and superficial similarity, as are the voluminous 
cones outside the fovea. 

Capillaries are present in the ventral layers of 
the foveal slopes to the very edge of the foveal 
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floor or foveola, or 27S n from tije very center. 
TJie «fajcii7or cenlral territory ja almost as large 
as the rodless area (50&-5SO n). 

Function of the Eye. Synapses am! 
Function of the Ketinn. The human eye 
and that of all other vertebrates is essen* 
tially a dark chamber (camera obscura) 
provided uith dioptric media. Two of 
these, the cornea with the aqueous liumor 
and the crystalline lens, placed iinmedi. 
ately in front and behind the pupillary 
opening, respectively, are optically active, 
the lens, in addition, being adjustable. 
Tlie back part of the inner surface of this 
dark chamber is lined by a photosensitive 
screen, the retina. The countless rays of 
light emanating from each point of a 
luminous or illuminated object radiate in 
all directions in straight lines. A portion 
of the rays from a certain point caught by 
the cornea is first refracted by it in such 
a way as to make it converge upon the lens 
» hich it reaches through the pupil. In the 
lens again the rays are further refracted 
and assembled into a cone that converges 
upon one point, the focus, whicli is in the 
photosensitive bacillary layer of the retina 
(2 in our figures) and opposite its outside 
source. The sum total of such separate 
foci, that symmetrically almost exactly 
correspond with the points on llic surface 
of die object seen, constitutes the retinal 
image of this object. In relation to the ob- 
ject the retinal image is inverted ^because 
of the crossing of the rays in the pupiKs 
aperature), real t since the foci are actu- 
ally on the retina and not behind or in 
frojit of it) and very much reduced in size. 

Stripped of many important details, the 
complex story of the interneuronic rela- 
tionships in the retina may be told as fol- 
lows: 

In the photosensitive bacillary layer, in 
the rods and the cones (2, probsb1> 2-o, 
Fig. 539 U the light initiates or elicits a 
specific nervous process which in turn 
produces a train or trains of nervous im- 
pulses which are forwarded along the 


nervous pathways to the brain. Subjec- 
tively this is interpreted as light, colors, 
shapes, sizes, position, movement and dis- 
tance in space of the objects seen. 

The synaptic mechanism of the retina is 
composed of the following systems of 
neurons (Fig. 539). The rod cells (a) 
transmit impulses to two or three varieties 
of bipolars (</, e-/) and through these to 
all varieties of the ganglion cells (m, n, 
o, p, j). The cones (5), on the contrary, 
discharge impulses to all three or four bi- 
polar varieties {d, e-/, k), and through 
these to all varieties of ganglions (m, n, 
o, p, s) ; the cones stimulate also the hori* 
zontal cells (c) and thus -may influence 
distant rods (a) and cones (6). 

The rods, it is believed, arc responsive 
to weak light stimuli in general, thus 
being adapted for seeing in dim light. 
Tlicy, however, do not selectively respond 
to lights of different wave lengths associ- 
ated with the sensations of "colors.” Con- 
versely, the “color” sensations are initi- 
ated tiirough the stimulation of cones 
otherwise less responsive to iveak stimuli 
of (he diffuse “colorless” light. This 
makes the cones especially suitable for 
daylight or photopic vision. 

At the third neuronal level, in the gan- 
glion cells '{m, n, o, p, s), since all three 
bipolar varieties {d, e-/, Ii) are synap- 
lically connected ivith each of tlie several 
ganglion varieties, the rod and cone im- 
pulses apparently merge with one another. 
The further fate of the impulses in the 
brain itself is unknown. 

The synaptic relations suggest tliat the 
cones react in a tvay that is terrilortall) 
more restricted than the rods. In and near 
(lie central fovea, each cone (6) is linked 
to one h-bipolar which in turn is related to 
a single s-ganglion cell. This set of neu- 
rons may W'ell form a spatially 

differentiated receptor-transmitter appa- 
ratus (Fig. 193, D). This implies that the 
visual system is made up of a great num- 
ber of minute and almost equivalent ana- 
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tomical and functional units, cacli of 
which responds indopendenlly to a mimite 
pliotic stimulus. Tiu*« may be the struo 
\ural basis lor iiisuaf space perception ot 
visual acuity. 

In the system of rods a slight degree of 
localization must al«o be accepted. Yet the 
rods, being connected in groups to hi* 
polars, ahvajs respond in groups no 
matter bow restricted the photic stimulus 
may be. Thus even the smaUesV receptive 
rod territory is larger than the cone ter- 
ritory of the same region. The po«Mhle 
effect resulting from such groupHke con- 
jicctions seems to be the reinforcement of 
the iuicnsity of exciinlion generated in the 
rods (Fig. 103, /)). 

In the central area the size of the rcccp* 
tor-conductor units in the sjstcm of cones 
corresponds rouglily with that of the in- 
dividual cones. This agrees with the differ- 
ence in retinal acuity in different local- 
ities, the acuity being at its peak in the 
very center of the field of view teorre- 
sponding with the foveal center) and at 
first rapidly, then more slowlj decreasing 
toward the periphery of the field of view 
(corresponding with the anterior limil of 
die retina at the ora serraia). 

In the }nimate retina at least \5 distinct 
varieties of neurons are present; these 
form at least 3U kinds ot synapses with 
one another. In the retina, in addition to 
photoreception, man) otlier processes usu- 
ally associated with the central nervous 
s>slein — as selection, facilitation, inhibi- 
tion, summation of excitations, etc. — lake 
place. The retina is thus essentially a re- 
ceptor-integrator organ. (For further de- 
tails see Polyak, The Iletma and The Sym- 
posium on “Visual Mechanisms”, edited 
by Kluver.) The metabolism of the retina 
!■- reviewed by Krause and Sibley. 

THE KEFBACTIVE SIEDU OF THE E^’E 

The cornea and the two chambers of 
the eye have been described earlier. 

Lens. Tlje lens is a transparent, round. 


clastic body liiconvex in shape, placed 
behind thfe pupil. Its outer form varies 
Somewhat in different indit idiials ami also 
vvUU age. Its form likewise changes dur- 
ing the process of accommodation. Its 
diameter is from 7 mm. in a newliorn uj» 
to 10 mm. in adult. Its thickness is ap- 
provimatoly 3,7 to 4 mm., increasing dur- 
ing accommodation to 4.5 mm. and more. 
The posterior surface or pole is more con- 
vex thaw the anterior, the respective radii 
of curvature, according to ' Helmiiolt?. 
being G.O and 10 mm. The index of refrac- 
tion is 1..36 in the peripheral layers and 
1.‘12 in the inner zone or nucleus. The 
weight of the lens is 0.2 gm., its color 
slightly yellow. 

The surface of the lens is covered with 
a liomogcncous, higlily refractive capsule 
(Fig. 510, K), Pt thick cuticular mem- 
brane. Tlie inner surface of the onlcrior 
sheet of tlie cajisulc that covers the an- 
terior face is lined with q single la)er of 
flattened hexagonal cells, the epithelium 
of the lens (Fig. 540, £). Toward the 
equator these approach the columnar form 
and become arranged in meridional rows. 
Becoming progressively elongated the epi- 
thelial cells ai the equator are transformed 
into fens /ibers that constitute the tissue 
of the lens. This transition causes, in 
meridional sections, a peculiar arrange- 
ment of the cells W'iih their nuclei, the so- 
called nuclear zone, nuclear arc or lens 
vortex (Fig. 540, KZ). The inner (ante- 
rior) surface of the posterior sheet of the 
capsule that covers the posterior pole has 
no epithelium and directly covers the lens 
fibers. The epithelial cells are of prime 
importance for the normal metabolism of 
the lenticular tissue. 

In the human Itns the lensih ot V\ie fibers is 
from 7 lo 10 mm. Each lilier js a six-sided prism, 
8 to 12 ^ wide and only 2 duck (Fig, 541). 
In the region of the nucleus die thickness may 
reach S In younger fibers a firtnet cortical 
and a semiliouid axial part can be disUnguisiied. 
With advancing age die axial part, too, becomes 
increasingly solid (sclerosis). The young fibers 
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have smooth surfaces and join one another so 
that their narrow edges inlerdigitate. They are 
hept together by thm Jajers of a cementing sob- 
stance vhiclt has the same index of refraction as 
the fibers iljemsehes. Titis substance is consid- 
ered by some to be a luiirJcant enabling slight 
movements of the fibers during accommodation. 
In the older fibers. In the dcn^e, inner jnirtioa 
of the lens, the nucleus is absent and the outlines 


or more) and having many branches. 
They feem !o arise from ihe surface of the 
ciliary epilheliura. Many of them, espe- 
cially the thinnest ones, begin on iJte sur- 
face of the ciliary portion of the retina 
atid, taking a tncridjonai course, cause the 
fine striation of the surface of the ciliary 



Fig. 510. From a meridional section of the anterior part ol the e>e of a man. Attachment of tiie 
fibers of the zonuia cifians to the equator of the lens: £, Epithelium of the lens; C, vitreous body; 
H. mcmbrana hjaloidea; UZ, posterior fillers of the zonule; HZ', their connections with the capsule 
of the lens t A I ; KZ, nuciear zone of tlie lens; L, fibers of the lens substance in longitudina! section; 
I'T,, anterior fibers of the zonule; Z, zonule; ZL, detached outer lajer of the capsule of the feP*- 
110 X- After Schaffer. 


of the cross sections often become irregular and 
serrated. At the two poles of the lens where the 
fibers jom their ends, they form a figure of a 
star with three or more rays (Fig. 528, Z.), 

Ciliary ZonuJe, The Jens is held in its 
position by a system of fibers— the ciliary 
zonule. The zonule fibers (Tig. 540, Z, 
VZ, HZ) are straight, homogeneous fila- 
ments var>ing in thickness (up to 22 )x 


ring. In the region of the ciliary croum 
they fuse into thicker fibers which occupy 
a more central position and there they 
continue to receive numerous, thin rein- 
forcements from the surface of the ciliary 
processes. The number of the bundles is 
about 140, 

As the Lundies reach ihe anterior marpin of 
the ciliary processes they leave the surface o 
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llie ciliary body ond, keepinp tlieir meridional 
course, radiate frcel) toward tlie equator of llie 
lens. The larper among them, which coD«titute 
the majority, are straight and reach the capsule 
at the anterior |>eripher> of the lens, In front 
of its e(|uator. TliC'e arc also called the anterior 
sheet of the zonule. The thinner filers a«‘unie a 
slightly cimed course, with the convexity for- 
ward, and are attached to the posterior surface 
of the lens. They form the posterior zomiltir sheet. 
I'cacliing the cap-ule of tlie lens, all ronular 
fibers break up into a multitude of fine briishhkc 
fibers which fuse witli the sul'tance of the outer- 
most layer of the capsule. 


and the Image moves backward A ebange of the 
position of the object from infinite distance to 
about 5 meters causes a shifting of tlie image of 
about 60 n backward. Since under these condi- 
tions the image still remains within tlie layer 
of the outer segments of the rods and cones, 
accommodation is not needed. For nearer dis- 
tances accommodation is necessary. 


MS 


III ill !!! 1(1/1 



Fig 5H. Part of a frontal section through the 
equator of the human lens. Tlie cross sections of 
the fibers are arranged in radial rows or lamellae 
(Z>) : a. Fiber of double width j b, branching of 
a radial lamella. 500 X. After Schaffer. 

Where the vitreous is in touch with the pos- 
terior surface of the lens, it adheres to the per- 
ipheral zone of the len« capsule and forms the cir- 
cular hyaloideocapsular Itganient (Fig. 529, LHK). 

The ladu of curvature of the surfaces of the 
several dioptrical media of the normal (em- 
metropic) eye, especially of the lens, and their 
indices of refraction are such that light rays 
coming from a remote point, i.e , parallel rays, 
must give an inverted and real image of tlie object 
in the retina exactly m the layer of the photo- 
receptive elements, the cones and the rods (2 in 
Figs. 534, 539). If the object is approaching, 
the light rays become more and more divergent 


Fig. 512. Structure of the vitreous body. 500 X- 
After ScliafTer. 

In a ^holographic camera the focusing 
of objects which are moved nearer to the 
lens is effected by moving the ground 
glass plate away from the lens. In the 
higher vertebrates and in man, the curva- 
ture of the lens is changed. The lens is an 
elastic body possessing an inner tension 
due to its peculiar structure. When the eye 
is at rest the lens is kept stretched in the 
plane vertical to the optical axis by the 
ciliary zonule. When the eye has to focus 
a near object, the ciliary muscle, especially 
its meridional fibers (tensor of the cho- 
rioid) contracts and pulls the chorioid 
with the ciliary body forward. This re- 
lieves the tension exerted by the zonule, 
the lens gets thicker and its surface, espe- 
cially at the anterior pole, becomes more 
convex. In this way the refractive power 
of the lens increases, which in turn keeps 
the focus within the bacillary layer. 

Vitreous Body. The vitreous body 
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Fig. 543. Diagram of the distribution of the Wood vessels in the eye. The arteries arc double 
contoured, the veins are solid black. L and L\ Central retinal artery and vein; Y, anastomosis witn 
the branches of the short posterior ciliary arteries; O, anastomosis with the vessels of the c ’ 
/S, vessels of the inner and, AS, of the outer sheath of the optic Bcrve; / and /', short posterior ci la 
arteries and veins; // and JI’. their arterial and venous episcleral branches; ///, capillaries o 
chorio-capillaty lamina ; 1. posterior long ciliary artery; 2 , cross section of the major circle o ® * ’ 

3 , its branches to the ciliary body; 4 , its branches for the iris; o and o', anienor ciliary ® ^ 
vein; 6, their connection with the major circle of the iris; their connection with the chon P 
lamina; d and d', their arterial and venous episcleral branches; e and e', their arterial an 
branches to the scleral conjunctiva; f and /', tlieir arterial and venous branches to the margm ^ 
cornea- V vena vorticosa; S, cross section of the canal of Schlemm. Note: The anastomoses 
are capillaries or precap.llanes; ihe central artery is functionally a terminal artery. 

Leber and StShr, slightly modified. 
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fills the space (vitreal cavity) between the 
lens and the retina (Fig. 524). It adheres 
everywhere to the optical portion o{ the 
retina and the connection is especially 
firm at the serrated margin. Farther for- 
ward it gradually recedes from the surface 
of the ciliary portion of the retina. 

The substance of the vitreous body in 
fresh condition has a gelatinous consist- 
ency, is colorless, structureless and of 
glasslike transparency. Its index of re- 
fraction is 1.33 1. In fixed sections it 
shows a spongelike network of extremely 
fine fibrils with its meshes filled with clear 
liquid (Fig. 542). Almost 99 per cent of 
the vitreous consists of water and its dis- 
solved substances 

From the papilla of the optic ncnc to the 
posterior surface of the lens the hyaloid canal 
(Cloquet) exten<ls through the mass of the vitre- 
ous body. It is a residue after the resoriitlon of 
the emhnonic h>aIotd arter). It has a diameter 
of 1 mm. and is filled with aqueous liquid. It can 
be seen di«tinctly with the help of tlie ultra- 
microscope and in injected preparations. In the 
Ininp, especially in >oung Individuals, it Is visible 
with the help of t!ie corneal microscope and the 
alit lamp. 

In the peripheral lajers of the vitreous, free 
cells float in the liquid. They are proliably 
bmpboid wandering cells of hematogenous origin. 

Blood Vessels of tlic Eye. They ari^e from 
the ophthalmic artery and can be subdivided 
into two groups which are almost completely 
independent and anastomose with each other only 
in the region of the entrance of the optic nerve. 
The first group, the retinal system, represented 
by the central artery and vein (Fig. 5t3, L', L), 
supplies a part of the optic nerve and the retina. 
The second, the ciliary system, is destined mainly 
for the uveal tunic (Fig. 543, /). 

Lymph Spaces of the Eye. True lymph capil- 
laries and IjTnph vessels are pre«ent only in the 
scleral conjunctiva. In the ejeball they are absent. 

Artificial injection into the ejeball has shown 
that liquid can find its way in different directions. 
Thus, a mass injected into the space between 
the chorioid and sclera penetrates along the walls 
of the vortex veins into the space of Tenon. The 
latter continues as the supraiaginal space along 
the outer surface of the dural sheath of the optic 
nerve to the optic foramen. Again, it is possible 
to inject Tenon's space from the subarachnoid 


space of the brain. From the anterior chamber 
the injected liquid passes into the posterior 
chamber, and also into Sclilcmm's canal. .MI of 
lhe«e spaces cannot, however, he considered as 
belonging to the lymphatic sjstem. The space 
of Tenon is more like a joint cavity and facili- 
tates the movements of the ejeball. 

The aqueous humor is believed to originate 
through secretion or transudation from the ciliary 
processes. From the posterior chamber it perme- 
ates the vitreous. In the forward direction it 
penetrates between the lens and tlie iris and 
through the pupil into the anterior chamber. The 
drainage of the aqueous humor from the anterior 
chamber is eiTccIcd mainly through the spaces 
of Fontana and the canal of Schlemm. The nor- 
mal intra-ocular pressure (28 mm. mercury), 
which causes the spherical form of the ejcball, 
is the resultant of the rales of transudation and 
of drainage of the aqueous humor. In patho- 
logical conditions (glaucoma) the Intra-ocular 
pressure may increase considcrall). On llic other 
hand, it is possible that the equilibrium between 
the blood plasma and tlie aqueous humor is main- 
tained through the action of molecular forces 
Drainage through the canal of Schlemm seems 
doubtful and it is possible that the liquid from 
the anterior chamber is resorbed by the crypts, 
by the blood vessels o{ the iris, and by the peri- 
vascular spaces of tlie episcleral and vortex veins. 

Nerves of the Eye, These are the optic nerve, 
supplying the retina, and the ciliary nerves. The 
latter supply the ejehall with motor, sensory, 
and sympathetic fibers. 

The opuc nene develops ns an evaginalion 
of the prosencephalon, the optic vesicle (Fig. 
&t6, 5r>. It IS not a peripheral nerve like the 
Ollier cranial nenes, but a tract of the central 
nervous system, as found in any part of the 
while substance (therefore “fasciculus opticus” 
in the new terminology). It consists of about 
1200 bundles of myelinated fibers without neu- 
rilemma. The nerve fibers are kept together 
by ibe same kind of neuroglia as in the white 
substance of the central nenous system. On the 
surface of each bundle the glia forms a thin limit- 
ing membrane which separates the nenous ele- 
ments from the connective tissue. A similar layer 
is also found at the periphery of the optic nerve. 
The bundles are separated from one another by 
a system of thin, branching, connective tissue 
lamellae which are continuations of the pia mater 
on the surface of the nerve and carry the nutrient 
blood vessels. 

The meninges and the intermeningeal spaces 
of the brain continue upon the optic nerve. The 
outer sheath of the nerve is formed by the dura. 
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which conlinues toward the r 

mth the sclera. The pk mater continues u^n ET l” 

the nerve and forms a connective tissue W 

wluct fa closely adherenl lo iu ^ ’.r'" ‘ ‘I’' "Pl'o 


, . , . ; o vojiiiccuve tissue laver 

wluct IS closely adhercnl lo its surface. Irs 
t«sue also luscs ryiH. .he sclera a. .he cMraucc 
of Ac optic uerre. This pial layc sc„j, „ 


nerve; ihey penclrale the uerve on the lorrerTide 
nt a dtslancc from the eyeball varyins tmm 5 
to 20 mm., usually 6 lo 8 mm. 



Fig. 544. Camera lucida drawing of a slice of the upper ejclld of a newborn infant. Stained with 
hematoxylin. 12 X. Drawn by Miss Esther Bohlman. 


nective tissue partitions described above into the 
thickness of the nerve Inflammatory processes 
can extend from the eyeball toward the meningeal 
spaces of the brain through the spaces between 
the sheaths. 

The optic nerve leaves the posterior pal« of 
the eyeball in n slightly oblique direction and 
continues into the entrance canal of the optic 
nerve. Just after leaving the eye through the 


THE ACCESSORY ORGANS OF THE 

In an early stage of embryonic development 
the anterior segment of the eyebali projects 
freely on the surface. X.3ter a circular fold of 
integument encircles the cornea. From its upper 
and lower parts tlie upper and tlie lower lids 
grow toward each other over the surface of the 
eomea. In this way the conjunctival sac is foriuetl 
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wliicli protects and moistens tlic anterior Irce 
surface of the e>e and especially the transparent 
cornea. The part Iminp: the inner surface of the 
lids is the palpebral con/Hnctiia. that cosetinR 
the ejchall is the bulbar conjuncilta. The re- 
flection of the palpebral on the liulbar conjonc- 
liva forms deep reces«cs I)ctv.cen tlie luls and 
the eyeball, the superior and the inferior fornices. 
The lacrimal plands deselop from invaginations 
of the epithelium of the conjunctisa in the region 
of the upper fomi\. 

EscUds. Both lids liasc a similar structure. 
The outermost layer is liie shin (Fig. 511). 
It is >ery thin and is provided with a few papil- 
lae and many very small hairs with sebaceous 
glands and small sweat glands, The derma con- 
tains a varying number of pigment cells with 
yellow or brown granules. Tbe subcutaneous layer 
has a loose texture, is rich in fine elastic net- 
works and in Claucasians is almost completely 
devoid of fat. Toward the edge of the lid the 
derma acquires a den»er structure and Ii3« higher 
papillae. The horny layer of the epiderrots gradu- 
ally thins out,' 

The eJe/ai/ieJ are large hairs obliquely in- 
serted in 3 or -1 rows along the c<lge of the lid 
(Fig. 511). With tbeir follicles they penetrate 
deeply into the ti««ue. Tbe shaft appears thick- 
est in its middle and tapers down not only toward 
the free end, but to a certain extent also toward 
the root. The sebaceous glands connected with 
the eyelashes are very small; arrectot mu«cles 
arc mi«8ing.The eyelashes are replaced everyone 
hundred to one hundred and fifty days. 

Between and behind tbe follicles of the eye- 
lashes, peculiar sweat glands are located, the 
glands of Moll. Unlike the ordinary sweat glands, 
tbe terminal portion here is generally straight 
or only slightly coiled. The excretory ducts open, 
as a rule, into the follicles. The epithelium of 
the terminal portions consists of an indistinct, 
outer myo-epitliebal layer, adjacent to the base- 
ment membrane, and of an inner layer of pyra- 
midal, apocrine glandular elements. Tbe lumen is 
often considerably dilated and the glandular cells 
flattened. In the ducts the epithelium consists of 
two distinct cell layers Tbe nature of the secre- 
tion of these glands is not known. 

The next layer inward consists of the thin, 
pale, striated fibers of the palpebral portion 
of the ring musc/e of the eye (orbicular muscle). 
The part behind the follicles of the eyelashes or 
behind the ducts of tlie meibomian glands is the 
ciliary mu«cle of Riolan. 

Behind the orbicular muscle is a layer of con- 
nective ti«sue, the palpebral fascia, a continua- 
tion of the tendon of the palpebral levator (or 


depre««or) mu«clc. It contains the arterial arc 
(tarsal arc). In tlie upper part of the upper 
lid strands of smooth muscle, the superior tarsal 
muaele of ,l/C//er, are attached to the edge of 
the Car«tts. 

Tfie tarsus is a plate of dense connective tis- 
sue wfiirfi is the skeleton of the lid. Its oblong 
form corresponds to the shape of the Hd In 
the upper lid Us broodlli is about 10 mm., in the 
lower only 5 mm. In its siib'-tancc the glands 
of Meiltom are embedded (Fig. 5tl). They are 
elongated and arranged in one layer, parallel to 
one another and perpendicular to the length of 
the tarsal plate. Their openings form a single row 
immediately in front of the inner free edge of tiie 
lid. where the skin passes Into the conjunctiva. 

Tlie mcilKimian glands are sebaceous, but 
have lohaled alveolar terminal portions. Instead 
of being crovvded at the ends of short branch- 
ing ducts, they ore connected by short lateral 
ducts with a long central excretory duct lined 
with stratified squamous epithelium. 

Tlie innermost layer of the lid is the con/imr- 
tua. At the inner edge of the margin of the 
lid the epidermis continues as the narrow ad- 
marginal zone to the inner surface of the lid. 
Here the superficial cells become thicker, the 
number of 1avet« decreases, mucous cells appear 
and tbe epithelium assumes a stratified columnar 
character which is typical lor the whole conjunc- 
tiva and varies only in thickness in different 
places. The superficial cells have a short pris- 
matic form and ore provided with a thin cuticle. 
Spherical goldei cells are scattered between them. 

At the upper edge of the tarsus the epithe- 
lium is sometimes reduced to two cell layers and 
its surface presents many irregular invagina- 
tions. Some of them are lined with mucous cells 
and described as glands. In tlie conjunctiva of 
the fornix the epithelium is thicker. 

The lamina propria of the conjunctiva is den«e 
connective tissue. In the region of the fornix 
it is Ioo«ely attached to the inlra orbital fat tis- 
sue (mobile conjunctiva) ; this permits the free 
motion of the eyeball in the conjunctival sac. 
In its part attached to the tarsus, and also in the 
fornix, the lamina propria contains numerous 
lymphocytes and plasma cells, singly and in 
groups, and sometimes accumulated in small 
lymphoid nodules. Often lymphocytes are seen 
migrating into the epithelium. This infiltration 
is subject to great individual variations. In cer- 
tain inflajnniatory lesions of the conjunctiva 
(trachoma) this infiltration may reach an enor- 
moos development and cause a thickening of the 
mucosa with a coarsely granular surface. 

The conjunctiva of the bulb has an especially 
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loose lamina propria with fine elastic network and sends out from 6 to 12 excretory ducts which 
Its deeper portion containing groups of fat cells open along the upper and lateral surface of the 
can be looked upon as a submucous layer. superior conjunctival fornix. 

In the region of the corneal limbus the epithe- The lacrimal gland Is of the tubulo-alveolar 
Hum of the conjunctiva assumes a stratified type (Fig. 545). Its terminal portions are pro- 

squamous character and continues as such on vided with a relatively large lumen and with 

the surface of the cornea. It may atil! contain a irregular, saccular oulpocJcelings. The basement 

few scattered mucous cells. Its deeper cell layer membrane is lined with glandular cells resetnhl- 

in colored races contains pigment pranules. The ing those o! the serous salivary type, as in the 

lamina propria forms distinct papillae and con- parotid gland. They have, hoirevet, a narrower 

tains abundant elastic nets. columnar shape and contain, besides small fat 

The rudimentary third eyelid or setnilunar droplets, large, pale secretion granules whose 

fold (the homologuc of the nlclilating membrane number changes with the volume of the cells, 

of the lower vertebrates) Js formed by the scleral according to the functional conditions 



Fig. 545, A sm.nl lobule of the lacrimal gland of man' <r. Small intralobular excretory duct; 5, 
terminal portions, c, intralobular interstitial coimectne tissue with blood vessels; /, fat cells; d, cross 
section of a larger interlobular excretory duct with pseudostratified epulielium. 112 X, After SchafTer. 

conjunctiva at the inner palpebral commissure, These cells ate provided with secretory capil- 
lateral to the lacrimal caruncle. It consists of lanes; between their bases and the fcaseroent 

connective tissue which contains smooth muscle membrane well developed basket (myo epithe- 

fibers', st is covered with conjunctival epttbefiutn lial) cells are present. The sroallest intralobular 

which, on the outer surface, contains many excretory ducts are lined with a bjer of low 

mucous cells. columnar or cuboidal cells and have a few rojo- 

Lacrimal Gland, In connectioti with the con- epitheUal cells. The larger iniralobulaf ducts 
junclival space there is a system of glands, the have a two-layered epithelium, 
secretion of which moistens, lubricates, and On the inner surface of the hds, especial y 
flushes the surface of the eyeball and of the lids. the upper one, near the upper edge of the tarsus. 

Of these glands only the lacnmal gland reaches e vaiyjns number of small accessory laenma 

a iiigh development. It iias the size and shape glands — the tarsa! locriTno! glands — are scdtlert'' 

of an almond and is lodged beneath the cortjunc- (Fig. 54-1. A->. 

tiva at the lateral upper side of the ejeball. It After having washed the coniunctival cavi y, 
consists of a group of separate glandular bodies the aecretion of the lacrinul gland (the tears, 
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0 sterile li<]uul) readies tlie region of Uic inner 
palpdiral commissure (internal caniliusl. Here 
the tvfo eyelids are separated by a triangwUr 
space, the lacrimal lahe, in Hiiidi tlie sccrelion 
accumulates temporarily. From here it pa**es 
through tvvo tiny orihccs called lacTirnal points, 
fine on the margin of each eyelid, into the 
iacTtmol ducts. The latter roncerge medially into 
the lacrimal sac ivlicnce Jlie nasolacfimal duct 
lead* into the inferior meatus of the no*c. 

The ivali of the excretory lacrimal passages is 
formed by connective tinuc lined with epithe- 
lium Tlic first is a continuation of the lamina 
propria of the conjiinctiia and of the nasal mu- 
cosa, In the lacrimal ducts and sac it contains 
abundant elastic nets and many lymphoid ele- 
ments. In the loner end of the nasolacrimal duct 
it IS surrounded by a cavernous venous plexus. 
The epithelium of the lacrimal ducts is stratified 
squamous. The lacrimal sac and the nasolacrimal 
duct are lined with a pseudosiratificd, tali col- 
umnar epithelium. 

From the bottom of the lacrimal laVe, between 
the two lacrimal ducts, tiiere bulges a small, 
elongated, soft mass of tissue, the lacrimal cur* 
unc/e. Its structure presents a peculiar mixture 
of features typical for the shin and for the con* 
j’unctiva. The top is covered with a tliich. squa- 
mous epiiheUiim In wliich only the uppermost 
layers are fattened, although not cornified. h con- 
tains mucous cells. On passing down the slopes 
this cpichelium gradually assumes the character 
of common conjunctival epithelium. The lamina 
propria is covered with papillae and contains 
Jyrnphocyies, bundles of striated muscles, sweat 
and abortive lacrimal glands; besides, there are 
tiny hairs with sebaceous glands. These are the 
source of the whilUh secretion which often col- 
lects in the region of the inner palpebral com- 
missure. 

niood and Lymph Vessels of the Eyelids, 
The arteries in each lid form two archlike anas- 
tomoses, which run in front of tlie tarsus, one 
near the free margin of the lid, the other near 
the upp^r tor lowerl margin of the tarsus. The 
palpebral conjunctiva is provided with dense, 
suhepithelial capillary networks which can be 
easily studied in living condition with the nid 
of the slildamp microscope. Branches of the 
blood vessels in the scleral conjunctiva anas- 
lomose with the marginal blood vessels of the 
cornea and with the branches of the anterior 
ciliary arteries. 

The lymphatics form dense nets in the con- 
junctiva behind the tarsus. In front of the latter 
there is another, thinner, pretarsal net. A third 
net can be distinguished m the skin and the sub- 


cutis. All tbese nets communicate with one an- 
other. The lymphatic capillaries of the scleral 
conjunctiva end blindly near the corneal margin. 

The abundant supply of the conjunctiva with 
Wood and lymph capillaries explains the rapid 
afxKirption of solutions introduced into the con- 
junctiva) «ac. 

Tlie lUslogciicsis of the Eye. The first 
stages of the development of the primary and 
the secondary optic vesicles from the brain iiave 
already been mentioned (pp. 600, 613j. It has 
alM) been explained that, while the stalk of the 
\e-iclc is transformed into the optic nerve, the 
dnu)ile-watle«! vehicle gives ri«c to the retina with 
all its parts. 

Where the lateral wall of the optic vesicle 
touches the ectoderm, the epithelium of the latter 
forms an invagination with a greatly thickened 
bottom, the primordium o) the lens (Fig. .Slfi, 
LE, IjF). It apparently develops as the result of 
a peculiar stimulation exerted by the optic vesicle 
upon the ecioderni. In nmpliibian larvae, after 
excision of the optic vesicle, the fens is not 
formed. 

The feo« ptimordium comes to be m the fn* 
vagmalion of the optic vesicle. Slmultanenusl), 
mesenchyme and blood \e8«eU grow into tbe 
chorioidaf fi««iire winch splits die lower per- 
iphery of the vr>ic)e and continues upon the 
optic stalk. These vessels giie ri«e to the hyaloid 
and retinal va«cular system*. Tlie opposite mar- 
gins of the fisvuTc, which received the tessels, 
M>on prow together and the secondary optic 
vesicle assumes the form of a double-walled cup. 
while the stalk is transformed into a solid strand, 
tbe optic nerve, 

Tbe lens primordium soon becomes detached 
from the ectoderm and the space between the 
two is filled by the layer of mesencliyme: the 
ptimordium of the substantia propria of the 
cornea and of the connectiie tissue of the iris 
(Fig. SI6, Hf). The lens, surrounded by vascular 
mesenchyme, acquires a solid, spherical form, 
while the original cavity disappears. 

Tlie inner, thicker sheet of the double wall of 
the optic cup difierenliates into the retina proper 
tRg. 5-16, IB, layers 2 to 10 in Fig. 531) ; it re- 
mains permanently in direct continuation with 
the optic nerve. The outer, thinner siieet of the 
cup is transformed into the pigment epithelium 
flayer J in Ftg. 53i). 

The surrounding mesenchyme comes info close 
relation with the optic cup and gives rise to 
the two outer tunics of the eyeball, the uveal 
and fibrous tunics. 

The structural differentiation of the reUna 
proceeds in a Way similar to that of the wall of 
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Fip. 516. PrImorcUum of e>e of a mouse embn'o of 8 mm. Tlie cavity of i!ie primary optic veairie is 
reduced to a tliin cleft; AB, outer lajer of secondary optic vesicle; B, bottom of anterior brain vesicle; 
CE, epithelium of cornea; GK, vitreous body; IB, inner lajc*" of secondary optic vesicle; LE, epithe- 
lium of the lens; LF, lens fibers with nuclear rone; M, me<enc}i)me; MA, primortlium of muscle; 
S» aide of anterior hrain vesicle; ST, stalk of optic vesicle; V, border of the optic cup; V, ventricle 
of brain. 70 After Schaffer. 


/ // /// tv y ' vt VII vnt tx x xt xu 



Fig. S47. Diagram of the histogenesis of the retina. /, Simple regular ctAumnar epilbeiiutn, 
II, pseudostralified epiJlielium niih two and. ///, wifli three rows of nuclei; the number of nuclear 
rows increases in IV^VU; I'll, the lowermost cell has developed an axon; f ill, the first (Jovicr) 
ganglion cell has separated from the other elements; fX, the second ganglionic cell becomes sepa- 
rated ; X. all cells except tJie radial fibers are separated from the inner surface ; the ganglion cells a" 
the amaennes have al-'o severed their connections with the outer surface; XI, all cells except t le 
indifferent stem cells, the visual cells, and the radial fibers arc separated from the outer surface; 
horizontal cells also are free; XII, the rod cells (a) form a douWe layer between the cone ceils; ^ 
cones possess protoplasmic outgrow-lhs; z. cone cells; A. horizontal cells; r, radial fibers; b. bipolars; 
a, aroacrines; gl. ganglion cells. After Furst from F«n*. 
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iJic neural lube (p. 215). It Is characterized by 
proliferation, by shifting of tlie cells am! by the 
e'lablishmeni of complex sjnSptic relal>on«hip5 

(Fis. sni. 

The eyelaii attains full size Iowan! the end 
o! the fiTft decafif, whereas «he structure of llie 
retina, inclntflnp the central fovea, malureiJ to- 
ward the end of the first )car. 
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Chapter XXVIII 


THE EAR 


The organ of hearing consists of three 
parts. The first part, the external car, re- 
ceives the sound waves; the second, the 
middle ear, transmits the vibrations to the 
third part, the internal ear or the labyr- 
inth. where the sound waves elicit specific 
nervous impulses. These are conveyed by 
the acoustic nerve to the central nervous 
system. Tlie internal ear also contains the 
vestibular organs which are highly spe- 
cialized end organs of the proprioceptive 
sense and are concerned chiefly with the 
function of equilibration. 

THE EXTERNAL EAR 

The external ear includes the auricle 
(concha or pinna), the external acoustic 
meatus, and the tympanic membrane. 

The Auricle, The complicated form of 
the auricle is caused by its irregular plate 
of elastic cartilage, 0.5 to 1 mm. thick. It 
contains very numerous cells and but 
scanty intercellular substance; it is sur- 
rounded by a firm and flexible perichon- 
drium with abundant elastic networks 
Tlie skin covering the auricle is provided 
with a distinct subcutaneous layer only on 
the posterior, convex surface. It carries a 
few small hairs with sebaceous glands, 
sometimes of considerable size; in old 
age, especially in men, large stiff hairs 
develop at the dorsal edge and at the ear 
lobe. The sweat glands are scarce and 
small. 

Tlie External Auditory Alcatus* 
The external auditory meatus has an oval 
cross section and extends from the bot- 
tom of the auricle to the tympanic mem- 


brane which closes its inner end and sepa- 
rates it from the tympanic cavity. Its walls 
arc formed by the continuation of the 
cartilage of the auricle in its outer part 
and by (he temporal bone in its inner part. 
The skin lining its wall is thin, devoid of 
papillae, firmly attached to the perichon- 
drium and periosteum and has no sub- 
cutaneous layer. In the outer, cartilagin- 
ous portion numerous hairs are present 
whicli protect the meatus against the en- 
trance of foreign bodies. In old age they 
enlarge considerably in the same way as 
the hairs of the auricle. The sebaceous 
glands connected with the hair follicles 
are exceptionally large. In the inner, 
osseous portion small hairs and sebaceous 
glands are found only along the upper 
wall. 

A typical feature of the external meatus 
is a peculiar secretion — the cerumen — 
a brown, waxlike mass with a bitter taste, 
which protects the skin from desiccation 
and from invasion by insects. It is a mix- 
ture ol the secretion of the sebaceous 
glands just mentioned and of peculiar, 
large, ceruminous glands which are also 
found in the skin of the meatus. They are 
of the tubular, coiled type and are e 
variety of the apocrine sweat glands. The 
ducts of the ceruminous glands open 
either directly on the free surface of the 
skin of the meatus or, together with the 
sebaceous glands, into the necks of tlie 
hair follicles. 

Tlie Tympanic Membrane. The oval 
tympanic membrane is thin and «emi- 
transparent. One of the auditory ossicles, 
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the malleus (see p. 63S), is attached by 
Us manubrium (the liandiel, to the Inner 
su/lace of the membrane and reaches its 
center. 

The main mass of substantia propria of 
the tympanic membrane is formed bj t»vo 
iajcrs of cobagcnoiis bundles similar to 
those of a tendon. The fibers (F«g. 
m the outer layer liaie n radial arrange- 
ment. The inner layer consists of circular 
collagenous fibers. Fibroblasts arc scat- 


of the meifti)ranc. The lamina propria of die 
mucQfa is reprc'-enlcd on)} hy a few tltin col- 
lagenous filers anil Wooil eapillaries and is cov- 
ered !»>' a lajcr of simple s/fuamous epilheh'om. 

THE MlDDl.E EAR 
The middle ear comprises the tympanic 
cavity and the auditory or eusJachian 
tube. 

Tlic Tympanic Cavity* The tympanic 
cavity is an irregular, air-containing epaoe 
u’tihiii the substance of the temporal 
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Fijj. 5}8. Cross section of the edge of the tympanic nicmhrane of a cftdJ.- <?, Fibrocartilaginous 
rmp; b, hone, c, derma with papiUac; d, mucous tnemhtjne of tympanic caviiy , e, rpiiiein\i'> of the 
crtemal meatus; e', epidermis of the tjmpamc memhfanc; /, radial fibers; circular fibers of the 
tympanic membrane; g, mucosa of the tympanic membrune; h\ iln sqiiamou< epiliiejmrti, ft, ciliated 
columnar epitlieliom of ibe ivmpantc caviij , t, ves-^U. Redrawn from v Efiner. 


tered between the fibers of both layer<ii 
there are also llfiji netivorks of elastic 
fiber®' which ate more conspicuous in the 
rentral pari of the membrane and at Us 
periphery. 

On Its outer '■urface the suhuanfia pmpria 
IS lined by a very ihin <50-60 pi tayei nf skin, 
on Its inner surface hv the mucous membnine of 
ihe tympanic cavny which in this Tegion is re- 
duted to only 20 to 40 ft in thickness The dema 
of llie skin blends with the radial filxrs and has 
no papillae. Tlie epidermis lias a tliin, tno-e. homy 
User (Fig MS. e') Along the handle of the 
malleus the skin is slightlj thickened and pro- 
vided with a layet of subcutaneous tissue. through 
which the vessels and n«r\es reach the center 


bone. Il5 lateral wall is largely formed bj 
ibe tympanic membrane; the mech’af ivali 
by the lateral side of the osseous labyrinth 
(see following pagesj. It contains the eat 
bones or auditory ossjcle-s with their 
articulations and ligaments; two small 
muscles, tensor tympani and stapedius, 
partly enclosed in bony tubes and con- 
nected wilh the ossicles; the chorda tym- 
pani nervej and connective tissue trabecu- 
lae. Tlie tympanic cavity continues into 
the auditory tube, which opens into the 
nasal part of the pharjnx. Jt is derived 
from the first branchial pouch of the em- 
bryo. 


21 
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Jn the adult, the posterior part of the stapes; this is attached to the cartilaginous 
tympanic cavity is connected, through the edges of llie opening by means of a circu- 
large tympanic antrum, with the air-flBed iar fibroblastic ligament. This fenestra 
cavities, or “cells," in the mastoid process ovalis separates the tympanic cavity from 
of the temporal bone. the scala veslibuli of the cochlea. The 



I 


Fig. 519. Tranfcctinn of (he ceHiiaginous (lor- 
(ion of the airditon tube near its opening Into 
the phar)n'( a. Lumen of (iie tube in dilated 
condition; b, cliiaiecl epithelium; e, membranous 
lateral wall witli fat (issue; d, muscle bundles; 
e. mixed glands; /, lateral cartilaginous plate 
Jorroing hoob; g, medial c.irtj]ogjnous plole with 
darker spots caused Ly patches of elastic car- 
tilage, h and I, accessory cartilages. 11 X* Re- 
drairn Irom v. Ebner 

TJte cpilheHum of the tympanic cavity 
is generally of the simple squamous type; 
ill several places, especially near (he open' 
ing of the auditory tube, and near the 
edge of the tympanic membrane, it is 
cuboidal or columnar and provided ivith 
cilia. The existence of glamU is generally 
denied. 


other opening is round — tlie fenestra lym~ 
panica or rotunda. It is situated below and 
beliind Ihe oval fenestra and is closed by 
a slightly concave, fibrous membrane (sec- 
ondary tympanic membrane) . It separates 
the tympanic cavity from the scala tym- 
pant of the cochlea {see below). 

Auditory Ossicles. There are three 
auditory ossicles — the malleus (hammer), 
the incus (anvil), and the stapes (stir- 
rup). Tlicy form a chain extending from 
the tympanic membrane, to ivhich tlie mal- 
leus is attaclied, to the oval fenestra, 
wiiich is closed by the base of the stapes; 
they are connected ndlh each other by 
tiny articulations. Their substance is 
hone, which conlains small cavities with 
blood vessels and connective tissue. On 
tlie handle of the malleus and the basc'of 
Ihe stapes are small patches of hyaline 
cartilage. The periosteum coYering the 
ossicles fuses with the lamina propria of 
the mucous membrane into a very thin 
layer of connective tissue which is cov- 
ered by simple squamous epithelium. 

TJic Audilorj' or Eiiatachion Tube. 
77ie auditory tube has a small flattened 
lumen (1 to 2 mm.) which in the section 
nearest to the tympanic cavity is sur- 
rounded by bone. In the folio tving part the 
wall is supported by a groovelike plate of 
hyaline cartilage. The mucous membrane 
u’hich lines the lumen in the bony portion 
has a low columnar ciliated epithelium; in 
the portion nearer the pharynx a taller, 
/iseudostratified ciliated epithelium is 
found; at the pharyngeal opening numer- 
ous goblet cells appear. A function of the 


On the medial wall of the tympanic cav- 
ity, formed by the osseous labyrinth, are 
two “windows,” the fenestrae. One of 
these, the vestibular fenestra, is an oval 
opening which is closed by the base of the 


tympanic eai’ify h to regulate the air preS' 
sure on the inner side of the tympanic 
membrane. By the act of swallowing, 
which is periodically repeated, the lumeu 
of the tube is opened for short intervals 
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and tUe atr pressure in ihe middle ear is 
equalized with the outside pressure. 

THE INNER EAR OR MIIYRINTII 

The inner car is called the Kib) rinlh bc' 
cause of its complex structure. It is en- 
closed in the petrous part of (he temporal 
bone. It comprises a series of canal? ami 
cavities which arc hollowed out of the bone 
and are known as lije osseous la}>yrinlb. 

OsstMMi? Lnbyriiilb. As the lajcr of 
hone inuiicdialciy surrounding the cav- 
ities is harder than the rest of (he petrous 
}u>rlion, especially in llte infant, it is i>os- 
sible, by careful dissection, to isolate the 
osseous labyrinth from the mass of the 
bone, ft must be kept in mind, however, 
that this aspect of the free os«cous labyr- 
inth is entirely artiiicial. 

In the osseous labyrinth, arlificiallv iso- 
lated from the temporal bone, a central 
part of irregular, oval shape catj be <h«* 
tinguished the testihuh. U is situated 
medial to the tympanic cavity. Its lateral 
wall, which faces the tympanic cavity, has 
the two fenestrae mentioned above. 

The three semicircular canaU arc loop- 
shaped, long tubes which describe the 
greater part of a circle; they arise from 
above and behind ilie vestibule anti return 
to il. According to their position in space 
relative to the skull they are distinguished 
as the superior or frontal, (he posterior or 
sagittal, and the lateral or horizontal 
canal. The lateral canal is the shortest of 
the three (12—15 mni >; the posterior is 
die longest (lS-22 mm.). The lateral 
canals of both ears are situated very 
nearly in the same plane The superior 
canal of one side is approximately par- 
allel to the posterior canal of the other- 

The lateral end of the superior canal 
and the anterior end of the lateral canal 
present dilatations, called the ampullae. 
which open near each other into the upper 
part of the vestibule above the oval fenes- 
tra. The ampullated lower end of the pos- 
terior canal opens into the lower posterior 


part of the vestibule. The opposite 
(upper) end of Ibis canal fuses with the 
medial end of the superior canal to form 
n common stem, the crus commune, which 
open? into the upper medial part of the 
vestibule. The posterior end of the lateral 
canal opens independently into the upper, 
posterior part of the vestibule. From the 
medial wall of the vestibule a thin os=eous 
canal evlcuds to the posterior surface of 
Jlic pars petrosa of the temporal bone — ■ 
the vestibular atjucduct. 

The anterior periphery of the vestibule 
continues into the bony cochlea — a spi- 
rally coiled tube, vvbich forms a conical 
body resembling a snail shell. Its apex is 
directed forward, laterally and slightly 
downward, ft measures about 5 mm. from 
base to ajicx with a diameter of about 9 
mm. at the ba«c. 

iMcnibranoii? LnI>}Tintb. The in- 
terior of the osseous cavities is lined with 
a layer of periosteum nnd encloses a sjs- 
tern of vesicles and canals with a fibrous 
wall — tlio mcinbrnnous labyrinth. All 
parts of tlie latter are continuous and com- 
municate with one cnotber; they are filled 
vviib a clear fluid, the endolymph. The 
inner surface of their fibrous walls is lined 
With an epithelium of ectodermal origin. 
The outer surface of the fibrous walls of 
the mcinbranous labyrinth in some places 
adheres to the periosteum of the osseous 
labyrinth. In general, however, it is sepa- 
rated from this periosteum by large or 
small, irregular cavities filled with a clear 
liquid, the perilymph. Thin, irregular 
•-trands or membranes of connective tissue 
(trabeculae) arise from the periosteum, 
penetrate the perilymphatic spaces and 
reach tbe wall of the membranous labyr- 
inth, tv^ether with the blood vessels. Thus, 
the membranous labyrinth is suspended 
w'lthin (he osseous labyrinth by these 
trabeculae. The perilympbalic spaces are 
homologous to the subarachnoid spaces 
of the meninges; the perilymph corre- 
sponds with the cerebrospinal fluid. 
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The form and arrangement of the vari- 
ous parts of the membranous labyrinth 
generally correspond with those of the os- 
seous labyrinth in which they are en- 
closed. HoAvcver, the membranous part 
contained in the osseous vestibule consists 
not of one, but of two sharply separated 
sacs — the utricle and the saccule. 

It is relatively easy to isolate the mem- 
branous labyrinth from within its osseous 


are contained. The three ampullar en- 
largements are much more pronounced in 
the membranous canals. Each ampulla has 
a flattened floor which forms part of the 
convex surface of the respective canal and 
a hemispherical roof bulging on the con- 
cave side. The superior and lateral ampul- 
lae open, very close to each other, into the 
upper end of the utricle; the posterior am- 
pulla into its lower end. The crus com- 
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Fig. 550. Right membranous labyrinth of an adult; medial and posterior aspects. 5 X- After Spalteholz. 


container. In such a free condition it pre- 
sents the following parts: 

The central position is occupied by the 
utricle and the saccule (Fig. 550). The 
utricle, or elliptical sac, has an oblong, 
transversely compressed form and is the 
larger of the two. It occupies the upper, 
posterior part of the osseous vestibule and 
communicates with the three membranous 
semicircular canals by five orifices. These 
canals lie in the three dimensions of space 
and correspond exactly in form and posi- 
tion with the osseous canals in which they 


munc formed by the superior and inferior 
canals joins the middle part of the utricle 
in the vicinity of the second orifice of the 
lateral canal. 

The approximately spherical saccule or 
round sac lies in front of and is connected 
with the utricle by the utriculosaccular 
duct; this consists of two convergent parts 
arising from both sacs. Their junction 
continues as a slender canal, the endolym- 
phatic duct, which runs through the ves- 
tibular aqueduct to the posterior surface 
of the petrous part of the temporal bone 
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Avherc il ends ^ilh a bulbUke enlargement, 
the cnrfo/ymp/irt/ic snc. 

From ihe loiver pari of the saccule a 
short, narrow duct, the ductia reumcna 
(Fig. 551, g) leads to the membranous 
cochlea or the cochlear duct. 

The ^'iaU of the membranous labyrinth 
undergoes important modifications and 
acquires an extremely complex structure 
in certain well outlined sensory areas 
uhich are formed by thickened epithelium 
and contain the endings of the acoustic 
nerve. There arc six such neuro-epilhelial 


stellate fibroblastic cells. Branched melan- 
ophores arc often encountered in this tis- 
sue. Its outer surface, the trabeculae 
which run througli the perilymphatic 
spaces, and the inner surface of the perios- 
teum, are everywhere lined with fiallened 
connective tissue cells forming a mesen- 
chymal epithelium. 

The connective tissue is separated from 
the epithelium by a basement membrane. 
Outside the neuro-epithelial areas the 
epithelium consists of one layer of poly- 
gonal squamous cells. They are 3 to 4 ft 
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Fig. 551. Diagram of the left membranous labytinib as seen from within. Neuro-epithelial areas 
bUck. a, Superior; b, lateral, c, posterior etnpullae of the respective semicircular canals; d, macula 
utricuii; e, macula saccuii; 0, organ of Corii in the cochlear duct; g, ductus reuniens; h, cecum 
vestibulare; i, cecum cuputare; k, saccus endolymphaticus. continuing into the ductus endo- 
lymphatlcus; the latter opens into the utriculosaccular duct. Rcdro'vn after v. Hbner from Schaffer, 
slightly modiSed. 


areas in each labyrinth (Fig. 551). Two 
of these areas, the maculae, He in the 
utricle and the saccule— the macula u/rre- 
uh and macula saccuii. Other neuro-epi- 
thehal areas are lb® three aristae ampul- 
lares, one in the ampulla of each semi- 
circular canal. The sixth neuro-epithelial 
area, the largest and most complex of all, 
the organ of Corti, is a thick ridge whldi 
runs along the cochlear canal. 

The Utricle and Saccule. The con- 
nective tissue layer of the ivall of the 
utricle and saccule, as well as of all the 
other parts of the membranous labyrinth, 
consists of a finely fibrillaled, intercellu- 
lar substance and of spindle-shaped or 


thick and are usually provided with a 
diplosome and a flagellum. 

The macula ulriculi occupies the lateral 
wall of the utricle, has an oval, .spoon- 
shaped form and measures 2x3 mm. The 
macula saccuii occupies the medial wall 
of Uie saccule. It is of similar size and is 
heart shaped. The surface of the utricular 
macula lies approximately in the plane of 
the base of the skull (and of tlie lateral or 
horizontal semicircular canal). The sur- 
face of the saccular macula follows, at 
least in part, the sagittal plane. Thus, the 
surfaces of both maculae are perpendic- 
ular to each other. 

In both maculae the epithelium has the 
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The form and arrangement of the vari- 
ous parts of the membranous labyrinth 
generally correspond with those of the os- 
seous labyrinth in which they are en- 
closed. However, the membranous part 
contained in the osseous vestibule consists 
not of one, but of two sharply separated 
sacs — the utricle and the saccule. 

It is relatively easy to isolate the mem- 
branous labyrinth from within its osseous 


are contained. The tliree ampullar en- 
largements are much more pronounced in 
the membranous canals. Each ampulla has 
a flattened floor which forms part of the 
convex surface of the respective canal and 
a hemispherical roof bulging on the con- 
cave side. The superior and lateral ampul- 
lae open, very close to each other, into the 
upper end of the utricle; the posterior am- 
pulla into its lower end. The crus com- 
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Fig. 550. Itiglu membranous labyrintli of an adult; medial and posterior aspects. 5 X- After Spalteliolz. 


container. In such a free condition it pre- 
sents the following parts: 

The central position is occupied by the 
utricle and the saccule (Fig. 550). The 
utricle, or elliptical sac, has an oblong, 
transversely compressed form and is the 
larger of the two. It occupies the upper, 
posterior part of the osseous vestibule and 
communicates with the three membranous 
semicircular canals by five orifices. Tliese 
canals lie in the three dimensions of space 
and correspond exactly in form and posi- 
tion with the osseous canals in which they 


mutie formed by the superior and inferior 
canals joins the middle part of the utricle 
in the vicinity of the second orifice of the 
lateral canal. 

The approximately spherical saccule or 
round sac lies in front of and is connected 
with the utricle by the utriculosaccular 
duct; this consists of two convergent parts 
arising from both sacs. Their junction 
continues as a slender canal, the endolym- 
phatic duct, ^vhich runs through the ves- 
tibular aqueduct to the posterior surface 
of the petrous part of the temporal bone 
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the crisla presents Uself in cro«s scclion. 
as a high, rounded prominence occupying 
about one third of die lumen. In a cross 


open, are rounded olT and edged by a 
crescentic area, the pfarntm senuhinalum. 
The latter is covered by a columnar epith* 



section through the ampulla the crista is 
cut longitudmall) and is seen to be highest 
in its middle jiart and to slope down to- 
ward the side ualls of the ampulla. Hie 
ends of the crista, as seen from the sut' 
face, after the roof of the ampulla is cut 


elium which contains inclusions and has, 
perhaps, a glandular function. 

Profound change', are made in the cri«ta dur- 
tng fixation ahil the details of the living structure 
of the human eat ate unknown. In fishe',. as de- 
stfibed bv Bnwen, the living neuro-epilhelium 
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same structure. It is 30 to 35 ^ thick and 
consists of two kinds of elements — the 
supporting or susteniacular cells and the 
hair cells. The first are slender columnar 
structures with a protoplasm containing a 
bundle of rigid lonofibrib and a round 
nucleus at the lower end. The free sur- 
faces are provided with cuticular plates 
and are connected with one another by a 
system of terminal bars. Under each cutic- 
ular plate lies a diplosome with a minute 
protruding flagellum and, farther down- 
ward, a Golgi net and sometimes granular 
or fatty inclusions. 

The hair cells are very, difficult to fix. 
They are lodged between the supporting 
cells, but occupy only the upper half of 
the epithelial layer and do not reach the 
basement membrane. They have the form 
of short flasks with a round bottom, which 
contains the nucleus and are covered on 
their free surface with a round, cuticular 
plate. The latter U connected with the 
cuticles of the supporting cells. From the 
center of the cuticle rises a tuft of long 
(20 to 2S n), very thin, nonmotile cilia, 
which are kept together by means of a 
cement substance and thus form a long, 
tapering, stifl brush. The diplosome is also 
present under the cuticle; it sends out a 
flagellum which adheres to the surface of 
the tuft of cilia and is helie\’ed to beat 
during life. Above the nucleus a Golgi net 
and mitochondria have been described. 
The intercellular spaces between the sup- 
porting cells and the hair cells are filled 
with a peculiar semifluid substance. 

The surface of the maculae is covered 
by the otolithic membrane — a thick (22 
layer of a gelatinous substance into 
which the hair tufts penetrate. Each tuft is 
surrounded by a narrow tubular space 
filled tvilh endolymph. Between these 
spaces the gelatinous substance is con- 
nected with the terminal bars of the epith- 
elium by means of thin partitions. The 
upper layer of the jelly, beyond the ends 
of the hairs, contains a multitude of mi- 


nute (3 X 5 /t) crystalline bodies, the oto- 
conia or otoliths {Fig. 552, 5 /). They 
have the form of a prism ending in pyra- 
mids and are a mixture of calcium car- 
bonate (aragonite) and a protein. After 
the calcium is dissolved by acids, their 
outlines remain visible. Owing to the re- 
flection of light by the otoconia, the macu- 
lae on macroscopic examination in fresh 
condition present an opaque, while aspect. 

At the edge of the macula the row of 
hair cells is abruptly discontinued, while 
the supporting cells gradually pass into 
the simple squamous epithelium of the rest 
of the wall. 

Tlie connective tissue of the wall is 
thickened in the area of the macula and 
is firmly attached to the endosteum. Here 
the intercellular substance has an espe- 
cially firm, cartilaginous consistency, and 
the basemem membrane is very distinct. 
Most of the myelinated nerve fibers which 
supply the macula lose their myelin 
sheatlis in the immediate neighborhood of 
the basement membrane. Tlie naked axis 
cylinders, among which thick and thin 
fibers can be distinguished, pierce the 
membrane and branclt in the intercellular 
spaces between the epithelial cells. The 
terminal arborizations of the thick fibers 
form basket-like nests, closely surround- 
ing the surface of the hair cells and almost 
reaching the free epithelial surface. Tlie 
tliin fibers end with free branches bet\veen 
the supporting cells. 

Tbe Semicircular Canals, The mem- 
branous semicircular canals have a 
slightly oval cross section. They occupy 
an eccentric position in the osseous 
canals. Their convex surface is closely ad- 
jacent to the periosteum while their con- 
cave surface is surrounded by a large 
perilymphatic space (Fig. 553, pr) with 
numerous trabeculae (Fig. 553, 5). The 
vrall of the membranous canals has the 
same structure as the wall of the utricle 
and saccule. 

In a longitudinal section of the ampulla 
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arrangement of the parts of the cochlea through the plane of the axis and perpcn- 
in space. Its conical body is supposed to dicujarly to the cochlear canal, 
stand with its axis upright, its base below Tlje axis of the cochlea, as seen in a 
and its apex or cupula above. The raelial radial section, is represented hy a hroad 
direction from the axis toward the surface and short, conical pillar of spongy bone, 
of the cone is called outward, the radial the modiolus. Its base forms the bottom of 



Fig. 554 Plastic diagram of one half of an ampullar crista as seen in a longitudinal section of a 
semicircular canal. p3«sing across the crista: 5W., Hair tufts; C., gelatinous ma«s of the cupula; 
transitional epithelium; Flsem., planum semilunatum After Kolmer 

direction toward the axis inward. The di- the internal acoustic meatus. Blood vessels 
rection parallel to the course of the canal surrounded by abundant connective tissue 
is termed spiral. A plane parallel to the and bundles of the cochlear division of 
axis but not passing through it may be the acoustic nerve penetrate through nu- 
designated as tangential. The most con- merous openings into the bony substance 
venient sections for the histologic study of of the modiolus. The ner%e fibers run up- 
ihe cochlea are radial ones which pass ward and successively turn outward to 
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of the crista is clothed vith flexible sensory 
hairs of uniform length (50 ft in the catfish) Avhtch 
show spontaneous movements. When reagents 
are applied to the living crista under the micro- 
scope the hairs are seen to shorten slowly and 
the space in the lumen which they formerly oc- 
cupied is filled with a coagulum which is ulti- 
mately condensed and shrunken to the form of the 


the surface of the epithelium and the cupula 
there is a narrow space filled with endol)Tnph. 
The hairs, before penetrating into the cupula, 
have to pass through tliis space. Thus, the cupula 
seems to be supported by the hairs and to rest 
upon them. On its way through the gelatinous 
mass of the cupula, each of the hairs, as in the 
maculae, is surrounded by a narrow canal filled 



Fig. 553. Cross section of the lateral semicircular canal of an adult man: 6, Connective tissue 
trabeculae in the periljmphatic space; e, epithelium; cn, endolymphatic space; g, blood vessel; 
k, bone of the bony labyrinth; As, bone trabeculae of the spongiosa; /, ligamentum canaliculi; m, 
membrana propria of the membranous semicircular canal; n, bone marrow; p, periosteum; pr, 
periljTnphatic space. 46 X- •kfter v. Ebncr, from Scbaffer. 


cupula as described below. The cupula of fixed 
preparations is therefore an artefact 
In well fixed preparation* the neuro-epitbelium 
of the human crista has much in common with 
that of the maculae, with similar supporting ele- 
ments and hair cells. The remaining basal por- 
tions of the hairs may he 30 p in length Neat 
the surface of each hair cell is a diplosome from 
which a flagellum arises and the latter is con- 
tinuous with what appears to be a tuft of cilia 
malted together. Tiie crista is covered by a cap 
or belMike gelatinous mass, the cupula Between 


with endolymph In cross sections of the cri«!a 
the cupula usually presents a regular tangential 
striation. Tlie relations of the nerve fibers to the 
hair cells are essentially the same as in the 
maculae. 

Tlie Cochlea. The canal of the cochlea 
takes two and a half spiral turns around 
the axis of this structure. For the sake of a 
convenient description it is necessary to 
define certain terms regarding the general 
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ous and the \vhole of ihe membranous 
spiral lamina; ihe upper wall is formed by 
the vestibular membrane, and the outer 
wall by the wall of the osseous codileat 
canal. In the lowest coil the vestibular 
membrane forms with the spiral lamina an 
angle of about 45 degrees. In the upper 
coils the angle becomes smaller, its apex is 
rounded off and the height of the cochlear 
duct decreases. 

Tlie scala vestibuli extends into and 
through the perilymphatic space of the 
\estjbule and thus reaches the inner sur* 
face of the fenestra ovalis. At the apex of 
tlie cochlea the two scalac communicate 
with each other through a minute open- 
ing — the hehcotrema. 

The lower, \estibular end of the coch- 
lear duct is a small, blind oulpockeling 
and is called tlie cecum vestibularc; it is 
separated from the fenestra ovalis by the 
enlarged perilymphatic space. Into it 
opens the above-mentioned canalis re* 
uniens, which connects it with the saccule; 
in adults it is almost obliterated. The 
upper end of the cochlear duct ends 
blindly with the cecum cupulare or lagena, 
close to the helicotrcma. 

The functions of the structures in the 
cochlea are so imperfectly known that no 
consistent and generally accepted theory 
has been formulated. 

The Scalac. The structure of the wall 
of the tw’o scalae corresponds to wlial was 
described for the perilymphatic spaces in 
the otlier parts of the labyrinth. The bone 
is lined by a thin periosteal (or endosteal) 
layer of connective tissue covered with 
mesenchymal epithelium. 

Tlic Osseous Spiral Lamina and 
the Basilar Membrane. The spiral gan- 
glion extends along the line of attachment 
of the osseous spiral lamina to the modio- 
lus. It is lodged in an irregular cavity of 
the bone, the spiral canal of the modiolus. 
From the ganglion, along its w’hole length, 
bundles of nerves arise and run in the 
radial, outward direction, through radial 
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canals in the osseous spiral lamina, toward 
the organ of Corti. 

In the inner corner of the cochlear duct 
the periosteum of the upper surface of the 
spiral lamina forms a ridgelike promi- 
nence bulging into the duct— the limbus 
spfrflfis. In the inward direction it grad- 
ually slopes down. Its higher outer edge 
falls away abruptly and forms a sharp 
CTCSt which overhangs a groove open to 
the periphery — the internal spiral sulcus 
(Fig. 556). In a radial section this con- 
cavity has the shape of the letter C. The 
two margins of the sulcus are called the 
vestibular and the tympanic lip or labium. 

The connective tissue of the limbus has a 
peculiar, firm, almost homogeneous, inter- 
cellular substance and contains, especially 
in its deeper layers, stellate connective tis- 
sue cells. On the surface the connective 
tissue presents deep radial furrows with 
small, ridgelike prominences, between 
tlicm. WJicn seen from tlie upper surface, 
the latter })rotrude over the edge of the 
vestibular lip in tlie form of teethlike proc- 
esses — the auditory teeth of Iluschke. • 

The periosteum on the lower surface of 
the spiral osseous lamina continues out- 
ward beyond the tympanic lip of the 
limbus. Its thickness at this place shows 
great individual variations. Tlie tympanic 
lip, in the major part of the cochlea, also 
consists of connective tissue which is the 
continuation of the tissue of the limbus 
and has the same structure. It contains the 
radial bundles of myelinated fibers which 
come from the spiral ganglion through the 
osseous lamina. In the lower coil of the 
cochlea the osseous lamina extends out- 
ward as far as the tympanic lip. 

A little beyond the vestibular lip, the 
nerve bundles leav'e the connective tissue 
(or, in the lower coil, the osseous lamina) 
and enter the epithelium of the organ of 
Corti In doing so, they emerge from the 
connective tissue (or from the bone) 
through a series of small radial slits, the 
foramina nervosa. When seen from the 
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reach the spiral ganglion ■which extends 
along the inner wall of the cochlear canal. 

The lumen of the canal of the osseous 
cochlea (about 3 mm. in diameter) is di- 
vided along its whole course (about 35 
mm. in man) into an upper and a lower 
section by a spiral partition, the spiral 
lamina, which gradually becomes broader 
toward the upper pan of the cochlea. The 
inner zone of the partition consists of 
bone and is called the osscohs spiral la- 
mina (Fig. 555, to) ;,il projects from the 


forms, in a radial section, a triangular 
mass of connective tissue, the spiral iign- 
meat (Fig. 555, is). 

From the upper surface of the inner 
zone ol the spiral lamina the thin vestibu- 
lar membrane (membrane of Meissner) 
(Fig. 555, Mv) extends obliguely to the 
outer Wall of the canal of the osseous 
cochlea and forms a more or less acute 
angle with the spiral lamina. Thus, (be 
cross section of the osseous cochlear canal 
will show three cavities: the upper cavity 



Fjjr. 555. Axiai section of the cochlea ot a man: C6, Crista basiUrls; Gc, cecum cupulare; Cs, 
crista spirahs; Dc, ductus cochlearis; Gj, ganglion spirale; K, bony wall of the cochlea; Zo, lamina 
sT)iiali» o?«ea; Zs, Jigamentum sptrale; M6, memhrana Iwsilaris; AIv, membrana vestibularis; lY, 
cochlear nerve, Pr, prominentia spiralis; Ps, organ ot Corti; Sr, stria vascularis; St, scala tyrapani; 
Sv, scala vestibuli. 16 X. After Schaffer, 


modiolus (in macerated specimens) in the 
form of a shelf and ends at the apex of 
the cochlea in a hooklike projection, the 
hamulus. The outer zone is fibrous and is 
called the membranous spiral lamina or 
the basilar membrane (Fig. 555, Mb). 
The relative width of both zones, i. e., the 
extent of the ossification of the spiral par- 
tition, varies according to the level of the 
cochlea; it is greatest in the Jowest coil 
At the line of attachment of the basilar 
membrane to the outer u'all of the cochlea 
the periosteum is greatly thickened and 


or scala vestibuli is surrounded by the os- 
seous spiral lamina, the vestibular mera- 
brane and the upper periphery of the 
osseous wall. The lower cavity or scala 
tympani is bounded by both the osseous 
and the membranous spiral laminae, and 
by the louver periphery of the osseous 
wall. Both scalae are perilymphatic 
spaces. Bet^veen them is the ductus each- 
learis (scala media or membranous coch- 
lear canal) ; it is triangular in transection. 
With the acute angle directed inward. Its 
lower wall is formed by a part of the osse- 
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this lip and the crest of the spiral liga- 
ment. The basilar membrane can he sub- 
divided into an inner zone (zona arcuata) 
extending from the foramina nervosa to 
the base of the external pillars, and an 
outer zone (zona pectinata) between the 
external pillars and the crest of the spiral 
ligament. 

The middle layer in both zones is 
formed by peculiar fibers, the auditory 
strings or basilar fibers. In the zona arcu- 
ata they are thin and arranged in the fash- 
ion of a net; in the zona pectinata they are 
thicker (1 to 2 p), straight and smooth 
and do not branch. 

In fresh condition they are soft and 
flexible and can be easily isolated. Acetic 
acid dissolves them; after fixation they 
become hard and brittle. They are bire- 
fringent, but differ from collagenous as 
Avell as from clastic fibers. They are em- 
bedded in a small amount of a homogene- 
ous ground substance. On reaching the 
spiral ligament some of the strings run 
upward under the epithelium. Others 
penetrate fanlikc into the tissue of the 
ligament. 

The length of the strings increases con- 
siderably from the base of the cochlea to 
its apex and the range of this variation 
differs in individuals. In the beginning of 
the first coil they have a length of 64 to 
128 ft; at the end of the membrane, at 
the hamulus, they measure 352 to 480 ft. 
The total number of the strings in the 
basilar membrane of the human cochlea 
is estimated at 24,000. 

On the upper surface of the middle 
layer with its auditory strings there is a 
thin, homogeneous, upper or vestibular 
covering layer ^vith a few radially ar- 
ranged connective tissue nuclei. It can be 
isolated in material fixed with osmic acid. 
The lower surface is lined with the tym- 
panic covering layer. It is delicate connec- 
tive tissue which in some places may pre- 
sent thickenings bulging into the scala 
tympani and which consists of a very 


loose intercellular substance and of cells 
stretched in the spiral direction. This 
layer contains blood capillaries in its inner 
zone; they are all connected with a spiral 
precapillary vein which runs under the 
tunnel of Corti. The pars pectinata of the 
basilar membrane is devoid of blood ves- 
sels. 

Tlie connective tissue of the spiral liga- 
ment contains numerous collagenous fibers 
and stellate connective tissue cells filled 
with pigment and other inclusions; it is 
also provided with numerous blood vessels. 

Above the line of attachment of the 
basilar membrane to the spiral ligament, 
approximately at the same level as the ves- 
tibular lip of the limbus, the connective 
tissue forms a small ridge extending 
through the whole cochlea — the prominen- 
tia spiralis. It contains large capillary 
loops — the vas prominens. The groove be- 
tween the ridge and tlie crest of the spiral 
ligament is the external spiral sulcus. 

The thickness of the vestibular mem- 
brane is only 3 p. It consists of an ex- 
tremely thin connective tissue loyer which 
in man has no blood vessels but sometimes 
contains pigment cells and very fine elas. 
tic networks. On the vestibular surface it 
is lined with the usual mesenchymal epi- 
ihelium of the perilympliatic spaces. 

Tlie Epithelium of the Cochlear Duct. 
The ectodermal epithelium which lines the inner 
surface of the walls of the cochlear duct presents 
great differences in its various regions. 

The inner surface of the vestibular membrane 
is covered with a simple squamous irregular 
epithelium often containing pigment. The sur- 
face of the limbus is lined with a mosaic of small, 
polygonal, culicular plates belonging to epilhe- 
lial cells whose bodies, containing the nucleus, are 
deeply sunk into the subjacent connective tissue 
The cells are arranged in radial rows along the 
furrows on the surface of the limbus, between 
the auditory teeth The internal spiral sulcus is 
lined with one layer of polygonal epithelial cells 
of medium thickness Outwardly they are fol- 
lowed by the inner border cells which belong 
to the organ of Corti. 

Tim epithelium covering the periosteum of the 
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upper surface, the tympanic lip, tiieretore, 
presents a regular row of holes; hence the 
name habenula per/omta. 


Farther outward, the tympanic hp 
tinues into the basilar membrane (1-ig- 
557) which is tightly stretched between 
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tills lip and the crest of the spiral liga* 
n\cnt. The basilar membrane can be siib- 
dUided into an inner zone (zona arcuala) 
extending from the foramina nervosa to 
the base of the external pillars, and an 
outer zone (zona pectinata) between the 
external pillars and the crest of the spiral 
ligament. 

The middle la}er in both zones is 
formed by peculiar fibers, the auditory 
strings or basilar fibers. In the zona orcu- 
ata they are thin and arranged in the fash- 
ion of a net; in the zona pectinata they arc 
thicker (1 to 2 ^), straight and smooth 
and do not branch. 

In fresh condition they arc soft and 
flexible and can be easily isolated. Acetic 
acid dissolves them; after fixation they 
become hard and brittle. They are hire- 
fringent, but differ from collagenous as 
well as from clastic fibers. They arc em- 
bedded in a small amount of a homogene- 
ous ground substance. On reaching the 
spiral ligament some of llic strings run 
upward under the epithelium. Others 
penetrate fanlikc into the tissue of the 
ligament. 

The length of the strings increases con- 
siderably from the base of the cochlea to 
its apex and the range of this variation 
differs in individuals. In the beginning of 
the first coil they have a length of 04 to 
128 fx] at the end of the membrane, at 
the hamulus, they measure 352 to dOO fu 
The total number of the strings in the 
basilar membrane of the human cochlea 
is estimated at 24,000. 

On the upper surface of the middle 
layer with its auditory strings there is a 
thin, homogeneous, upper or vestibular 
covering layer with a few radially ar- 
ranged connective tissue nuclei. It con be 
isolated in material fixed with osmic acid. 
The lower surface is lined with the tym- 
panic covering layer. It is delicate connec- 
tive tissue which in some places may pre- 
sent thickenings bulging into the scala 
tympani and which consists of a very 


loose intercellular substance and of cells 
stretched in the spiral direction. This 
layer contains blood capillaries in its inner 
zone; they are all connected with a spiral 
prccapillary vein which runs under the 
tunnel of Corti. The pars pectinata of the 
basilar membrane is devoid of blood ves- 
sels. 

The connective tissue of the spiral liga- 
ment contains numerous collagenous fibers 
and stellate connective tissue cells filled 
with pigment and other inclusions; it is 
also provided with numerous blood vessels. 

Above llic line of attachment of the 
basilar membrane to llie spiral ligament, 
approximately at the same level as the ves- 
tibular lip of the limbus, the connective 
tissue forms a small ridge extending 
through the whole cochlea— the prominen- 
tia spiralis. It contains large capillary 
loops — the for prominens. The groove be- 
tween the ridge and the crest of the spiral 
ligament is the external spiral sulcus. 

Tlic thickness of the vestibular mem- 
brane is only 3 p. It consists of an ex- 
tremely thin connective tissue layer wliicb 
in man has no blood vessels but sometimes 
contains pigment cells and very fine clos- 
lie networks. On the vestibular surface it 
is lined with the usual mesenchymal epi- 
thelium of the perilymphatic spaces. 

The Epithelium of the Cochlear Duct. 
The ectodermal epithelium ivliich lines the inner 
surface of the walls of the cochlear duel presents 
great differences in its various regions. 

Tlie inner surface of the vestibular membrane 
is covered with a simple sriuamous irregular 
epithelium often containing pigment. The sur- 
face of the limbus is lined with a mosaic of small, 
polygonal, cuticular plates belonging to epithe- 
lial cells whose bodies, containing the nucleus, are 
deeply sunk into the subjacent connective tissue. 
The cells are arranged in radial rows along the 
furrows on the surface of the limbus, between 
the auditory teeth. The internal spiral sulcus is 
lined with one layer of polygonal epithelial cells 
of medium thickness. Outwardly they are fol- 
lowed by the inner border cells which belong 
to the organ of Corti. 

The epithelium covering the periosteum of the 
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outer, sHghily concave wall of the cochlear dact 
and the part of the spiral ligament which faces 
the lumen of the cochlear duct is considerably 
thickened and is sometimes provided with ir- 
regular prominences.' It extends downward to the 
external spiral sulcus and is called the stria 
t?aiCK/am {Fig. 556). It is of a low pseudostralified 
or stratified columnar type and sliows a very 
incgolar arrangement of cells. Many of them send 
out iohated processes into the connective tissue 
and some of them come in contact with the blood 
vessels. The mitochondria in their protoplasm 
are arranged In vertical rows in tlie basal part 
of the cells; the protoplasm also contains vacu- 
oles, pigment granules and, in fetal life, glycogen. 

In the subjacent connective tissue there arc 
abundant capillaries which run for the most part 
in the spiral direction. They form loops which 
penetrate deeply into the epithelium and arc 
sometimes accompanied by connective tissue cells. 

It is believed that the stria vasculam secretes 
the endolynjph of the cochlear canal. Tlie organ 
of Corti has no blood vessels. Its elements must* 
recehe tUelr nutritive materials and oxygen front 
the endolyntph. As the organ of Corti does not 
display the phenomenon of peripheral fatigue, it 
U probable tliat the endolyntph is constantly 
renewed. 

In (he external spiral sulcus the epithelium is 
cuboidal; its cclis aI»o have processes deeply 
penetrating info the connective tissue. Accord-, 
ing to some investigators this epithelium forms 
glandhke invaginations. Approaching the basilar 
membrane, the epithelium becomes more regular 
and continues upon the pars pectinata in the form 
of a iajer of clear polygonal elements of varying 

height— the cells of Claudius {Fig. 557). lo 

some places of the basal coil, snuill groups of 
dark, polyhedral cells are scatlered between the 
basilar membrane and the cells of Claudius — the 
cefls of fiocttcher. 

Tlie Organ of Corti or tlie Papilla 
Bnsllaris. Outwardly from the tympanic 
lip of the limbus, the basilar membrape 
carries on its upper surface an epitbeb'a! 
ridge of considerable thickness and of ex- 
tremely complex structure — the organ of 
Corti or the papilla basilaris. It extends 
spirally throughout the length of the coch- 
lear duct. In a radial section it has the 
form of an irregularly trapezoid prom- 
inence bulging into the lumen of the codr- 
lear duct <Fig. 557). Among its eiemenls 
two types have to be distinguished: (1) 


1710 sustentacular or. supporting celb 
which form a rigid, but flexible frame- 
work supporting the whole structure and 
(2) the hair (XjIIs — neuro-epithelial ele- 
ments which act as receptors of the stimuli 
produced by the sound waves. All these 
elements are arranged in regular, longi- 
tudinal (spiral) rows. 

Supporting Cells. There are dilTerent 
types of supporting cells, but certain char- 
acteristic features are common to all of 
them. They are slender, tall elements 
which contain rigid tonofibrils in their 
protoplasm and extend from the hasilar 
membrane liirough'the whole thickness of 
the epithelium to the free surface of the 
organ of Corti, Here their substance ex- 
pands to form a culicular plate. Whereas 
the thin rigid bodies are separated from 
one another by large intercellular spaces, 
the cuticles are intimately connected with 
one another by their edges in a regular 
mosaic and form a continuous, cuticular 
membrane covering the surface of the 
organ. Owing to the peculiar shape of the 
cuticular plates the membrane has many 
holes arranged in regular, alternating 
rows and is, therefore, called the reticular 
membrane. In the holes the round culicu- 
lar plates of the hair cells are fastened. 
The bodies of these elements are sus- 
pended in the intercellular spaces and do 
not reach (he basilar membrane. 

Among the supporting cells the follow- 
ing types have to be distinguished; (1) 
The inner and outer pillars or rods; (2) 
the inner and outer phalangeal cells; (3) 
the border cells; (4) the cells of Hensen. 

Tlic Pillars or Rods. The central structure 
of the organ of Corti i* the tunnel (Fig- 557). 

It is s canal, extending ihrough (he whole length 
of the cochlea and having a triangular shape in 
a radial transection. One side of the triangle 
is formed by the basilar membrane; the other two 
sides, converging toward the surface of the epJ* 
thelitim, are formed by the inner and outer pillar 
cells. Toward the upper coil of the cochlea the 
upper angle of the tunnel gradually becomes 
larger. 
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[e walls of the tunnel the fence Through these openings the cavity of the 
ars are separated from one tunnel communicates with the other intercellular 
paces, as in the paling of a catities in the organ of Corti. The roof of the 


F 15 . 557. Radial'transection of the human organ of Corti, from the upper part of the first coil. Tho separation of the tectorial membrane is an 

artefact. After field. 
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outer, slightly concave wall of the cochlear duct 
and the pari of the spiral ligament face* 

the lumen of the cociilear duct is considerably 
thicJ:ened and is sometimes providetl with ir- 
regular prominences. It extends downward to the 
external spiral sulcus and is called the siria 
vascularis (Fig. 556). It is of a low pseudoslratified 
or stratified columnar type and shows a 'ery 
irregular arrangement of cells. Many of them send 
out lohated processes into the connective tissue 
and some of them come in contact with the blood 
vessels. Tiie mitochondria in their protoplasm 
are arranged in vertical rows in the hasal pari 
of the cells; the protoplasm also contains vacu- 
oles, pigment granules and, in fetal life, glycogen- 

In the subjacent connective tissue there are 
abundant capillaries vvhicb run for the most part 
in the spiral direction. They form loops which 
penetrate deeply into the epithelium and are 
sometimes accompanied by connective tissue cells. 

It is believed that the stria vascularis secretes 
the endolymph of the cochlear canal. The organ 
of Corti has no blood vessels. Its elements must 
receive their nutritive materials and oxygen from 
the endolymph. As the organ of Cotii does not 
display the phenomenon of peripheral fatigue, it 
is probable that the endolymph is constantly 
renewed. 

In the external spiral sulcus the epithelium is 
cuboidal; Its cells also have processes deeply 
penetrating into the connective tissue. Accord-. 
Ing to some investisators this epithelium forms 
glandlike invaginations. Approaching the basilar 
membrane, the epitheliam becomes more regular 
and continues upon the pars pectinaia in the form 
of a lajer of clear polygonal elements of varying 
height — the cells of Claudius (Fig. 557), In 
some places of the basal coil, small groups of 
dark, polyhedral cells are scattered between the 
basiiai membrane and the cells of Claudius— the 
cells of Boettcher. 

Tilt* Organ of Corti or the Papilla 
Basiiarie. Outwardly from the tympanic 
lip of the limbus, the basilar membrape 
carries on its upper surface art epithelial 
ridge of considerable ibiclcncss and of ex- 
tremely complex structure — the organ of 
Corti or the papilla faasilaris. It extends 
spirally throughout the length of the coch- 
lear duct. In a radial section it has the 
form of an irregularly trapezoid prom- 
inence bulging into the lumen of the coch- 
lear duct (Fig. 557). Among its elements 
tivo types have to be distinguished: (1) 


The sustentacular .or. supporting cells 
which form a rigid, but flexible frame- 
work supporting the whole structure and 
(2) the hair cells — neuro-epithelial ele- 
ments which act as receptors of the stimuli 
produced by the sound ^vaves. All these 
elements are arranged in regular, longi- 
ludinai (spiral) rows. 

Supporting Cells. There are dilTerenl 
types of supporting cells, but certain char- 
acteristic features are common to ail of 
them. They are slender, tall dements 
whiclj contain rigid lonofibrils in their 
protoplasm and extend from the basilar 
membrane ihrough'lhe whole thickness of 
the epithelium to the free surface of the 
organ of Corti. Here their substance ex- 
pands to form a cuticular plate. Whereas 
the thin rigid bodies are separated from 
one another by large intercellular spaces, 
the cuticles are intimately connected with 
one another by their edges in a regular 
mosaic and form a continuous, cuticular 
membrane covering the surface of the 
organ. Owing to the peculiar shape of the 
cuticular plates the membrane has many 
holes arranged in regular, alternating 
rows and is, therefore, called the reticular 
membrane. In the holes the round cuticu- 
lar plates of the hair cells, are fastened. 
The bodies of these elements are sus- 
pended in the intercellular spaces and do 
not reach the basilar membrane. 

Among the supporting cells the follow- 
ing types have to he distinguished; (i) 
The inner and outer pillars or rods; (2) 
the inner and outer phalangeal cells; (S) 
the border cells; (4) the cells of Hensen. 

The Pillars or Rods. The cenWal structure 
of the organ of CbrtJ is the tunnel (Fig. 557)* 

It is a canal, extending through the whole length 
of the cochlea and having a triangular shape in 
a radial transection. One side of the triangle 
is formed by the basilar meinbrane; the other two 
sides, converging toward tlie surface of the epi- 
theliom, are formed by the inner and outer pillar 
cells. Tovvard the upper coil of ifie cochlea the 
ffra.tu.tUv becomes 
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tunnel, where the inner and outer rods are inli- 
tnately connected with one another, >s continuous 
and forms a part of the reticular membrane. 

The Inner Pillars, The inner pillars have a 
broad polygonal base which rests on the basilar 
membrane outside of the foramina ner\osa; the 
cell body rises conically upward from this base. 
The cellular substance at the inner corner of the 
tunnel is undifferentiated protoplasm and con* 
tains a round nucleus. The rest of it is formed 
by a small, solid, conical condensation and by 
rigid, darkly staining tonofibrils which surround 
the cone and assemble above it to form a com- 
pact, cylindrical bundle. This bundle forms the 
slender body of the pillar (2 to 3 thick) and is 
ensheathed by a trace of protoplasm. On ap- 
proaching the surface the pillar again becomes 
thicker and ends with the head, covered on its 


It also continues into a long slender body with a 
bundle of tonofibrils. The head of the outer pillar 
has a convex inner surface which fits the excava. 
tion on the outer surface of the head of the inner 
pillar and is firmly attached to it. The cuticukr 
plate projects outwardly from under the cuticle 
of the inner pillar and has a typical oar- or shovel, 
like shape; at its outer end it contains the diplo. 
some. The oar-shaped cutlcular plates of the 
outer pillars form the first (innermost) row of 
phalanges. The holes between their excavated 
edges contain the first row of the outer hair cells. 
In the same way as in the inner pillars, the tono. 
fibrils reaching the head spread fanlike and are 
attached to the surface and to the edge of the 
phalange. 

The number of tlie inner pillars (5600) is 
biglier than that of the outer ones (3800) . On the 



Fig. 558. View from above of the papilla spiralis with the supporting fiber system, hair cells, cen- 
Irioles and the membrana reticularis; semischematic (partly after Retrius and Kolmer). AH’— AH', 
outer hair cells; AS, head plate of the inner pillar; C, cells of Claudius; Z?’-/)*, phalanges of Deiters’ 
celN; C, border ceffs; fi, ceffs of ffensen; IH, inner hair ceffs; IP, inner phalanges; IS, inner pfUar; 
P, phalangeal continuation of tlie outer pillar; PR, cuticular margin of the head plates; SR, limiting 
membrane From Schaffer. 


free surface by a cuticular plate. In the sub- 
stance of the head the fibrils spread out and 
are attached to the inner and outer edge of the 
cuticle. The latter is a narrow, radially elongated 
rectangle. Its long side edges are connected with 
the cuticles of the neighboring inner pillars. The 
small inner margin is slightly concave and fits 
the outer periphery of the cuticle of an Inner 
hair cell. The outer small edge overlies the cuti- 
cular plates of the outer pillars and contains a 
diplosome. The outer surface of the head beneath 
the cuticle is excavated. 

The Outer Pillars. The outer pillars are 
longer than the inner ones and are slightly curved 
in the fashion of an S. Their base is attached 
to the basilar membrane at the junction of the 
zona arcuata with the pectinala; it is similar to 
the base of the inner pillars and also consists of a 
small accumulation of protoplasm with a nucleus 
which occupies the outer comer of the tunnel; 


average three inner pillars are connected with 
two outer pillars. 

The Phalangeal Cells, These elements have 
a very complex form and structure which can 
be understood only by comparison of the pic- 
tures seen in radial and tangential sections with 
those in teased preparations, where the cells are 
more or less successfully isolated, fnner and 
outer phalangeal cells have to be distinguished. 

The inner Phalangeal Cells, The inner cells 
are slender elements, arranged in a row attached 
to the inner surface of the inner pillars. Their 
small angular bases occupy the narrow space 
between the bases of the inner pillars and the 
foramina nervosa on the basilar membrane. The 
cell body contains a nucleus in its lower part 
and a slender bundle of tonofibrils. It mounts to 
the surface and ends here with a small cuticular 
plate containing the diplosome. The plate is 
elongated in the radial direction and both of it* 
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long edges are excavated; its form resembles 
that of the small bones of the fingers, the pAo' 
langess This explains the origin of the name given 
to these cells. The outer ends of the phalanges of 
the inner piialangeal cells are connected with 
the pointed inner ends of the cuticles of tlie inner 
pdlars. Their excavated side edges, together with 
the excavations of the plates of the iivnet pillars 
on the outer and the plates of the border cells 
on the inner side, circumscribe the openings in 
which the cuticular plates of the inner hair cells 
are fastened. 

The Outer Phalangeal Cells (Deitees). The 
outer piialangeal cells, the cells of Deilers, form 
three regularly alternating rows outside of the 
tow of the outer pillars. Their arrangement U 
adapted to that of the outer hair cells which also 
form three rows. In the second coil, where there 
arc four lines of hair cells, a fourth line of outer 
phalangeal cells appears. In the third coil a fifth, 
usually irregular and interrupted row of hair cells 
and of slightly atypical phalangeal cells is added. 

The hexagonal bases of the cells of Deitera 
pa\e the basilar membrane outside of the row 
of the outer pillars. The cell body is prism- 
shaped; its protoplasm contains a nucleus and is 
very diihcult to preserve. Through its axis runs 
a rigid bundle of fibers. They begin in the middle 
of the base with a fibrillar, conical pedestal. Tlie 
body suddenly tapers down toward the surface 
and continues as a thin stalk formed by the 
fibrillar bundle. It mounts to the surface and here 
expands into a radially directed phalange with 
symmetrical, semicircular excavations on its long 
side edges; these fit the cuticles of ihe hair cells 
of the corresponding row, Wlien the fibrils of 
the supporting fiber reach the surface they ex- 
pand beneath the phalange and end at its smaller 
outer and inner margins. Near Us outer inargm 
the phalange contains a diplosome. 

The phalanges of one row interdigitate with the 
phalanges of the new row. Since the outer pillars 
form the first (innermost) row of external pha- 
langes, the second row of phalanges belongs to 
the first row of the cells of Deiters, the third lo 
the second, the fourth to the third low of cells. 

The phalanges of the different orders, lightly 
fastened together along their edges by an cxIct- 
sive system of terminal bars, constitute the above- 
mentioned reticular membrane with its regular 
mosaic pattern and rows oi alternating Tound 
openings containing the cuticles of the hair cells. 
The outermost phalanges (belonging according 
to the level of the cochlea to the third, fourth or 
fifth row of Deiters’ cells) have a simple, some- 
times irregular polygonal shape; they (orm the 
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outer edge of the reticular membrane — its ler- 
mitial frame. 

At the place where the cell body of the outer 
phalangeal cell begins to taper into the thin 
stalk, the inner surface of the protoplasm forms 
ft prominence; into it extends a separate bundle 
of fibers which branches off from the main bun- 
dle. Tiie surface of this bulging is excavated and 
lodges the lower, rounded end of a hair cell. 

tn a radial section of the cochlea the cells of 
Deiters are never seen in their full length. The 
prismatic cell body is cut off at the level where 
it begins to taper. Above the stump containing 
the nucleus, portions of several overlapping proc- 
esses of phalangeal cells and, on the surface, a 
phalange can be seen. These parts belong to 
other phalangeal cells of the same row which are 
located farther down toward the base of the 
cochlea. A full view of a cell of Deiters can be 
had only in a tangential section which runs paral- 
lel to the axis of the modiolus. Here it is seen that 
the slcntler phalangeal process of each cell is 
bent toward the apex of the cochlea, t-e., upward 
in the spiral direction, and that it passes three 
hair cells before reaching the surface and ending 
with Its phalange. In the outermost row of these 
Cells the Inclination is much less marked and 
the process ol each cell crosses only one hair cell. 

Whereas the basal parts of the phalangeal cells 
are closely adjacent to one another there arc 
large intercellular infra-epithelial spaces—the 
spaces of Nuel between their slender processes. 
An especially conspicuous space is found be- 
tween the outer pillars and the first tow of pha- 
langeal cells. The space between the two outer 
rows of phalangeal cells is sometimes called the 
outer tunnel. 

Through the clefts between the outer pillars 
the spaces of Nuel communicate with the interior 
of the tunnel. All these spaces are believed to be 
filled with a peculiar, gelatinous, intercellular 
substance. 

Tfie Dorilcr Cells. These slender elements, 
with a nucleus in the lower or upper pan of the 
cell body, stand in a row inside of the foramina 
nervosa and the inner hair cells (Fig. 5S7). Their 
narrow cuticles, provide with a diplosome, are 
arranged in a row which closes from within the 
openings which contain the inner hair cells. They 
form the inner margin of the reticular membrane. 

The protoplasm of the basal part of these 
cells sends out processes which accompany and 
SDi^rt the nerve fibers in the organ of Corti. 
Toward the inner spiral sulcus the border cells 
are followed by cells which rapidly diminish in 
sue and pass into sijoamous cells. 

The Cells of Uenten. The cells of Deiters 
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are succeeded in the outifard directian by the 
very tall cells o{ Hensen which have a small 
base and an enlarged upper pari (Fig. 5S7).. The 
laiter bulges on the surface at the outer edge 
of the organ and contains the nucleus. Is is often 
filled with fat droplets and pigment granules. As 
these cells arc slightly inclined in the spiral 
direction toward the apes of the cochlea they 
nsualiy overlap in radial sections. The cells of 
Hensen are arranged in several rows: ia the out* 
ward direction they rapidiy decrease in height 
and pass into the cells of Claudius. 

The Hair Ceils. Tite free surface of 
the hair cells, fastened in the holes of the 
reticular membrane, is provide<J with 
short, rigid, bristle-like outgrowths. There 
are two kinds of these elements. 

Tlic inner hair cells arc arranged in one 
TOW between the inner phalangeal and 
the border cells on the one hand and the 
inner pillars on the other (Fig. 558). The 
outer hair cells form three rows and are 
suspended between the outer piilare and 
the cells of Deiters. In the second coil a 
fourth, in the upper coil a fifth row 
of outer cells is added. 

All the hair cells have a short cylin- 
drical shape with a rounded lower end 
which contains the nucleus and with a cu- 
ticular plate on the free surface. The 
cuticle of the inner hair cells is oval and 
has its long diameter in the spiral direc- 
tion. The cuticle of the outer cells is usu- 
ally slightly elongated in the radial direc- 
tion. 

Immediately tinder the cuticle the pro- 
toplasm contains a modified Golgi net — 
the body of Hensen. Under the nucleus, at 
the lower end of the cell, a condensed 
protoplasmic mass with pigment granules, 
the body of Retzius, can be seen. 

The cuticle of tlie inner hair cells is sur- 
mounted by 41 to 64 hairs arranged in 
two or more straight, parallel rows in the 
longitudinal (spiral) direction. At the 
outer edge of the cuticle lies the diplosome 
with a minute flagellum. The hairs of the 
outer cells (83 to 100 hairs to a cell) form 
several parallel, horseshoe-shaped lines. 


tvith the convexity directed outivard. The 
length of these hairs decreases from out- 
side inward. The outer edge of the cuticle 
contains the diplosome. 

Tlic Tectorial Membrane. The sur- 
face of the organ of Corti is covered by a 
peculiar ribbon-Iifce structure of jelly-like 
consistency — the tectorial membrane. It is 
very difficult to preserve it without caus- 
ing artificial distortions. In fixed slides its 
outer free edge is usually more or less 
curled up or the whole membrane is de- 
tached from the epithelium (Fig. 557). 

The width of the membrane increases 
toward the apex of the cochlea. In a radial 
section it has a planoconvex form. It be- 
gins in the inner angle of the cochlear 
canal as a thin, cuticular layer firmly at- 
tached to the surface of the epithelium of 
the limbus. Farther outward, where the 
membrane freely overhangs the Inner spi- 
ral sulcus and then touches the organ of 
Corti, its lower surface remains even, 
while the upper one bulges considerably 
upward. Here the thickness of the mem- 
brane reaches 25 fu Passing over the or- 
gan of Corti it again becomes thinner and 
after having reached the cells of Hensen 
it ends with a perforated, lacehke, irreg- 
ularly fringed edge. 

In the substance of the tectorial mem- 
brane, a homogeneous Jelly-like ground 
substance and numerous fine fibrils have 
to be distinguished. The fibers are most 
conspicuous at the upper surface where 
they anastomose and form networks. In 
the deeper layers they are more or Jess 
regularly parallel; their general direction 
is radial, but with a marked deviation 
from the radial plane toward the apex of 
the cochlea. Along the lower surface of 
the membrane, opposite the row of inner 
hair cells, a darker stripe, the stripe of 
Hensen^ extends in the spiral direction. 

In the living condition the lower sur- 
face of the tectorial membrane rests 
lightly upon the ends of the hairs which 
protrude from the hair cells. In well fixed 
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preparations the lower surface of the tec- 
torial membrane is attached to the ends of 
the hairs projecting from the hair cells. 
The Nerve Endings in ihc Organ of 
Corti. Except for the possible existence 
of vasomotor nerves in the labyrinth, the 
end branches of the cochlear nerve are the 
only nerve fibers nhich can be found in 
the cochlea. The existence of centrifugal 
fibers of unknown origin ending in the or- 
gan of Corti is douhtCuU lhe«e are., how- 
ever, present in the modiolus and osseous 
spiral lamina, and are probably sym- 
patbeiic. 

The nerve cells of the spiral ganglion 
are of the bipolar type; their centra! 
processes, continuing into tbe acoustic 
nerve, can be considered as axons, Tbe 
periplieral processes which run through 
the canals of the osseous lamina and 
tlirough the foramina nervosa toward the 
hart cells ate dendtites. Doth piocesscs 
have a myelin sheath r%ith lemmoblasis. A 
thin layer of myelin is also found on the 
surface of the cell body. The peripheral 
fibers keep the mj'elin until they reach the 
foramina nervosa. In passing througli 
them they lose the myelin and enter the 
organ of Corti, where they finally reach 
the hair cells. 

There are essentially two kinds of nerve 
fibers in the organ of Corti, each termi- 
nating in a special way. The first, which 
are thinner and more numerous, reach 
from their respective segments of the spi- 
ral ganglion in radiating, paxallel bundles 
to the nearest segments of the basilar pa- 
pilla. Here each fiber at once dividex into 
a number of small branchlets terminating 
with buttons attached to the surface of the 
hair celk Because of their straight course 
these may be called direct acoustic nerve 
fibers (orthoneurons of v. Ebner), In 
these each ner% e fiber is related to a com- 
pact group of hair cells whence it receives 
stimulation. 

The other and usually thicker nerve 
fibers, although fewer in numbers than the 


first, are conspicuous because of their pe- 
culiar course. They, too, are at first 
arranged radially. After reaching the ter- 
ritory of the basilar papilla they sharply 
turn in a longitudinal direction and he in 
{larallcl bundles beneath and between the 
several rows of hair cells and the various 
supi>orling structures. Here tliey form sev- 
eral so-callcd “plexuses,” one underneath 
the inner hair cells, one in the inner tun- 
nel, and j>everal between the outer phalan- 
geal cells of Deiters. Because of their 
course these fibers ore colled spiral fibers 
(spironeurons of v. Ebner). They, too, 
terminate with tree-shaped branchings, 
larger than in the direct fibers, each spiral 
fiber being related to a compact group of 
hair cells. The group of cells is alw'ays at 
a certain distance along the basilar papilla 
front the point where the fiber changes 
from the radial into the spiral course. The 
spiral fibers, while in the basilar papilla, 
as a rule turn toward the basal coil of tlie 
cochlea. 

The presence of the two varieties of the 
acouMic nerve fibers in the organ of Corti 
announced by earlier investigators (Ret- 
zius. Ramon y Cajal) but doubted by 
others (Kolmer, Lorenle de No) is now 
sufficiently well ascertained (Polyak, 
Tello). Less certain is the interpretation 
of such an arrangement in terms of func- 
tion. Although the relations between tbe 
peripheral receptors, the hair cells, and 
the acoustic neurons are not as individual- 
ized as the monosymnaplic relationships 
in the foveal cones (b-h relationship, see 
p. 624), they are nevertheless sufficiently 
restricted as to permit the reception of 
localized stimuli impinging upon small 
segments of the cochlea. This applies both 
to the system of the direct and of spiral 
fibers. The significance of the spiral fibers 
is unknown. Possibly, in collaboration 
with the groups of direct fibers, the spiral 
fibers in some way serve in the process of 
the reception of complex sounds, whereas 
the system of direct fibers alone is instru- 
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mejital in the perception of simple tones. 

In any event, the cochlea, like the 
retina, must be considered to be an organ 
with a receptor surface whose different 
points possess different functional value. 
Thi& v^e^v'' agrees with the facts concerning 
the cerebral projection of the cochlea, re- 
cently revealed. • Tliesc show that the 
basilar membrane is not represented in 


pta-jpheral branches (dendrites) of the bipolar 
6«nglio!i?c cells run to the sensory areas. The 
superior vestibular ganglion sends out four 
branches which supply: (1) the horizontal or 
lateral ampulla ; (2) the frontal or superior am- 
poHa; <31 the utricular macula; and (4) a small 
part of the saccular macula. Prom the inferior 
vestibular ganglion three branches arise. Tiie first, 
the largest, supplies the larger pan of tJie sac- 
cula macula; the second, the sagittal or postertOT 
ampuila; the third, the smallest, joins the fiber? 



Fig, 559. Diagram of the distribution of the ncr\es in the membranous Iab>rmth of the rabbit. 
After de Burfet from Kolmer. 


the brain in a summary way but topically, 
or point for point (Polyak, Lewi and Ko- 
brak. Walker). 

Nerves of ilic habyrinlh. The eighth crsnial 
nerve supplies die sensory areas of (he labyrinth, 
it consists of two parts of quite different func- 
tional nature and central connections — the tea- 
Hbu-lar and the cochlear nenes. Tlie first divides 
iitio a superior and an inferior branch. The fibers 
of all these nerves are the central ptocc8*es 
(axons) of bipolar gangliomc cells -which form 
two ganglia. Of these, the spiral or cochlear 
ganglion is incorporated in the cochlear nerve 
and located in the modiolus of the cochlea, while 
the vestibular ganglion belongs to the vestibular 
nerve and is located in the inner auditory meatus 
of the temporal bone. In correspondence with 
the subdivision of the vestibular nerve hrto a 
superior and an inferior branch the veslibnlar 
ganglion cap be also more or less distinctly sepa- 
rated into a superior and an inferior part. The 


of the cochlear nenc; the latter connection needs 
further study (Fig. 557). 

Tlie vestibular nerve terminates centrally in the 
reflex centers of the medulla oblongata and the 
cerebellum. Its cortical connections are unknoi'm. 
The cochlear nerve also has reflex connections 
an the medulla oblongata and the midbrai'n; but 
most of its fibers run in the lateral lemniscus to 
the medial geniculate body of the thalamus and 
thence to the sylvian fossa of (be brain center 
for hearing. 

Bfood Vessels of the Labyrinth, The labyr- 
inihtne artery is a branch of the inferior cere- 
bellar artery. It enters the internal meatus and 
divides into two branches, the vestibular artery 
and the common cochlear artery. The latter di- 
vides into the vestibulocochlear artery (Fig S60> 
and the cochlear artery proper. 

The vestibular artery supplies the upper and 
lateval parts of the utricle and saccule and parts 
of the superior and lateral scmicirculnr canals- 
It farms dense networlcs of capillaries in the 
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region of the maculae; in the narrow connective 
tissue lajer of the thin walls of tliese structures 
the capillary networks are.'ery loo«e. 

The vestibulocochlear artery supplies the lower 
and medial parts of the utricle and saccule, the 
crus commune, and the posterior semicircular 
canal with its vestibular branch. Its cochlear 
branch supplies the lowest part of tlie first 
cochlear coil. 

The cochlear artery proper penetrates into the 


lioned-The vascular stria and the spiral ligament 
receive their blood through branches of the spiral 
arterial tract which run in the roof of the scala 
vestibuli. They do not form connections with the 
vessels of tlie basilar membrane. The lower wall 
of the scala tympani receives its own small 
arteries from the same source. 

Tlie course of tlie veins of the labyrinth is nuite 
diflerenl from tlial of the arteries. There are 
three draining, venous systems. 



Fig. 560. Diagram of right liuman membranous labyrinth, seen from the medioposterior side, to 
show the distribution of blood vessels, the endolymphatic saccule cut off: a, Arieria labyrinthica; al, 
lateral ampulla; ap, posterior ampulla; or. superior ampulla; 5, arteria cochleans communis; c, 
arteria vestibularis; coeft, cochlea; d, arteria veslibulocochlearis; dr, ductus reunlens; dus, ductus 
utriculosaccularis; e, arteria cochlearis propria; be, lateral semicircular canal; psc, posterior semi- 
circular canal; S, saccule; arc, superior «emicircular canal; U, utricle; loc, vena aquaeductus coch- 
leae; 101, vena auditiva interna; tai, vena aquaeductus vestibuli; isi, vena spiralis inferior; tss, vena 
spiralis superior; its, vena vestibularis anterior; vrp, vena vestibularis posterior. Redrawn and 
modified Irom Stbhr. 


cavities of the modiolus; here its branches form 
many irregular zigzags and coils and run spirally 
to the apes; this is the so-called “spiral trad.” 
From the latter, side branches are sent out lo 
the spiral ganglion and, through the perioMeum 
of the scala vestibuli and the spiral osseous 
lamina, to the inner parts of the basilar mem- 
brane. Here the capillaries are arranged in tbe 
form of arcades in tbe tympanic covering layer 
under the tunnel and the limbus; from them 
an«es the vas spirale which has just been men- 


In the cochlea the veins originate in the region 
of the prominentia spiralis and run downward 
and inward through the periosteum of the scala 
fympani to the spiral vein which is found under 
the spiral ganglion; the spiral vein also receives 
branches from the osseous spiral lamina and from 
the spiral ganglion. Tv.o such spiral veins can 
be distinguished — the upper and the lower; they 
belong to the corresponding coils of the coch- 
lea. Above the spiral vein is the small vein of the 
spiral lamina which receives a part of the blood 
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mental in the perception of simple tones. 

In any event, the cochlea, like the 
retina, must be considered to be an organ 
with a receptor surface whose difTerenl 
points possess different functional value. 
This view agrees with the facts concerning 
the cerebral projection of the cocdjlea, re- 
cently revealed. - These show that the 
basilar membrane is not represented in 


peripheral branches (dendrites) ol the bipciar 
ganglionic cells run to the sensory areas. The 
superior vestibular ganglion sends out four 
branches which supply: (1) the horizontal or 
lateral ampulla; (2) the frontal or superior am- 
pulla; (3) the utricular macula; and (4) asmalJ 
part of (he saccular macula. From the inferior 
vestilmfat ganglion three branches arise. The first, 
the largest, supplies the larger part o( the sac- 
cuU macula; the second, the sagittal or posterior 
ampulla; the third, tlie smallest, joins the fibers 



Fig. 5S9. Diagram of the distribution of the nerves In the memiiranous labjrmth ol the rabbit. 
After de Burlei from Kolmer. 


the brain in a summary way but topically, 
or point for point (Polyak, Lewi and Ko* 
brak, Walker). 

IS’crves of llie Lobyrinlb. The eighth enaniel 
ncne supplies ihe sensory areas of the lab>r(a{h. 
It consists of two parts of quite different fujic- 
tiona! nature and central connections — the tes- 
tiialar and the cochlear nerves. The first divides 
into a superior and an inferior branch. Tlie fibers 
of all these nerves are the central processes 
{axons) of bipolar ganglionic cells which form 
two ganglia Of these, the spiral or codilcar 
ganglion is incorporated in the coeWear nerve 
and located in the modiolus of the cociilea, while 
liie vesubular ganglion belongs to the vestibular 
nerve and is located in the inner auditory meatui 
of the temporal bone. In correspondence with 
the subdivision of the vestibular nerve into a 
superior and an inferior branch the vestibidar 
ganglion can be also more or less distinctly sepa- 
rated into a superior and an inferior part. The 


of the cocdilcar nerve; the latter connection needs 
further study (Fig. 557). 

The vestibular netve terminates centrally in the 
reflex centers of the meduiia oblongata and the 
cerebellum- Its cortical connections are unknown. 
The cochlear nerve also has reflet connections 
in tlie medulla oblongata and the tnidhrain; bu* 
most of its fibers run in the lateral lemniscus to 
the medial geniculate body ol the thalamus and 
thence to the sylvian fossa of the brain center 
foe hearing. 

Bfooft Vessels of ihe Labyrinlh. The labyr- 
inthine artery is a branch of the inferior cere- 
bellar artery, it enters the intemof meatus and 
divides into two branches, the vestibular artery 
and the common cochlear artery. The latter di- 
rides into the vestibiJacocblear artery (Fig. 550) 
and the cochlear artery proper. 

The vestibular artery supplies the upper and 
tateraf parts of the utricle and saccule and parts 
of the superior and lateral semicircular canals- 
It forma dense networks 
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region ot Otc maculae; in the narrow conneclive 
tissue Ja^er ol the thin vsalls of llicsc structures 
tiie capillary networks are .'ery loo'c. 

The \eslibulocochlcar arlerj supplies the lor»er 
anJ medial parts of the utricle and 5accule» «l>c 
crus commune, and the posterior fcmicirculat 
canal with Us %estil)u)ar liranch. Its cocldear 
hrancli supplies the lowest part of the first 
cftcidear coil. 

The cochlear anery proper penetrates into the 


eau 

tionwLTItc vascular stria and the spiral ligament 
tecehe their Wood tluoupU branches of tlie spiral 
arterial tract which run in the roof of the scala 
vestilmli. They do not form connections with llie 
\e 5 *eh of the basilar membrane. The lower wall 
of the scala Ijmpani receives its own small 
arteries from the same source. 

Tl«e course of the veins of the labjrinth Is'fjuile 
different from that of the arteries. There are 
three draininp, venous sjstcms. 



Fig 560. Diagram of right human merubranous labynnlh, seen Irom the medioposterior side, to 
show the tlisiribulion of blood vessels; the endolymphatic saccule cut off: a, Aneru iabyrintluca; al, 
lateral ampulla; ap, posterior ampulla; as, superior ampulla, b, arlem wichleans communis; c, 
artena vestibularis, cocA, cochlea; d, erteria vesltbulocochlearis; dr, ductus reuniens; das, ductus 
utnculosaccularis; e. artexu cochleans propria; (sc, lateral semicircular canal ; psc, posterior semi- 
circular canal, S, saccule; sre, superior semicircular canal; t/, utricle ; toe, vena aquaedactus coch- 
leae, loi, vena auditiva interna, lar, vena anuacducius vcstiliuh; wj, vena spiralis inferior; iss, vena 
spiralis superior; tia, vena vestibularis anlenor, pop, vena vestibularis posterior. Redrawn and 
modified from Stolir. 


cavities of the modiolus; here its branches form 
many irregular zigzags and coils and ran spirally 
to the spet; this is the so-called “spiral tract” 
From the Jailer, side branches are sent out to 
the spiral ganglion and. through the periosteum 
of the scala vestibiili and the spiral osseous 
lamina, to the inner parts of the basilar mera- 
brane Here the capillaries are arranged lo the 
form of arcades in the t)Tnpanic covering layer 
under the tunnel and the limbus, from them 
arises the vas spirals which has just been ntea* 


In the cochlea tlie veins originate in the region 
of the prominentia spiralis and run downward 
and inward through the periosteum of the scala 
tympani to the spiral vein which is found under 
the spiral ganglion; the spiral vein also receives 
branches from the osseous spiral lamina and from 
the spiral ganglion. Tv.o such spiral veins can 
be distingmslied — the upper and the lower; they 
belong to the corresponding coils of the coch- 
lea. Above the spiral vein is the small vein of the 
spnral lamina which receives a part of the blood 
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mental in the perception of simple tones. 

In any event, the cochlea, like the 
retina, must be considered to be an organ 
ndth a receptor surface ivhose different 
points possess different functional value. 
This view agrees with the facts concerning 
the cerebral projection of the cochlea, re- 
cently revealed. - Ti\ese show that the 
basilar membrane is not represented in 


peripiieral branches (dendrites) of the bipolar 
gangUonic cells run to the sensory areas. The 
superior vestibular ganglion sends out four 
broaches which supply: (1) the Jiorizontal or 
lateral ampulla; (Z) the frontal or superior am- 
pulla; (3) the utricular macula; and (4) a small 
part of the saccular macula. From the Inferior 
vestibular ganglion three branches arise. The lint, 
the largest, supplies the larger part of the sac- 
caJa macula; the second, the sagittal or posterior 
ampulla; the third, the sinalien, joins the fibers 



Fjg. 559. Diagram of the distribution of the nerves in the roerobranous labyrinth of the rabbit. 
After de Burlet from Kolmcr. 


the brain in a summary way but topically, 
or point for point (Polyak, Lewi and Ko- 
brak. Walker) . 

Nerves of tlie Labyrinth. The eighth cranisl 
nerve supplies the sensory areas of the lab^'tlnth. 
It consists of two parts of quite different func- 
ttonal nature and central connections — the 
titular and the cockUar nencs. The first divides 
into a superior and an inferior branch. "Hie fitters 
of all tfiese nerves ate the central processes 
(axons) of bipolar ganglionic cells which fonn 
two ganglia. Of these, the spiral or cochlear 
ganglion is incorporated m the cochlear nerve 
and locaied in tlie modiolus of the cochlea, while 
the vestibular ganglion belongs to the vestibular 
nerve and is located in the inner auditory meams 
of the temporal hone. In correspondence with 
the subdivision of the vestibular nerve into a 
superior and an inferior branch the vestiiiukt 
ganglion can be also more or less dislinerfy sepa- 
rated into a superior and an inferior part. The 


of the cochlear nene ; the biter connection needs 
further study {Fig. SS7). 

The vestibular ner\e terminates centTally in th® • 
reflex centers of the medulla oblongata and the 
cerebellum. Its cortical connections are unknown. 
The cochlear nerve also lias reflex corneciions 
in the meduUs oblongata and the mldbrain; but 
most of its fibers run in the lateral lemniscus to 
the medial geniculate body of the thalsmos and 
thence to the sylvian fossa of the brain center 
for hearing. 

Blood Vessels of the Labyrinth* The labsT- 
mthine artery is a branch of the inferior cere- 
bellar artery. It enters the internal meatus and 
divides into two branches, the vestibular artery 
and the common cochlear artery. The latter di- 
vides into the resUbuIncochlear artery (Fig 560) 
and the cochlear artery proper. 

The vestibular artery attpph'es the upper and 
fateral parts of the utricle and saccule and part* 
of the superior and Jatera! semicitcMlar canals- 
U forms dense networks of capinatjcs in the 
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region of llie maculae; In the narrow connecthe 
tissue Ia)er of the thin walls of tlic«< structures 
the capillary networks are.tcry loo'c. 

The vestilmlocochlear artery supplies the lower 
and medial parts of the utricle and saccule, the 
crus commune, and the posterior semicircular 
canal with its >e.‘'liholar hranclt. Its cochlear 
branch supplies the lowest part of the first 
cochlear coil. 

The cochlear artery proper penetrates into the 


tioneii. Tiie vascular stria and the spiral ligament 
recche their blood through branches of the spiral 
arterial tract which run in the roof of the «cala 
sestibuli. Tho do not form connections with the 
sessels of the basilar membrane. The lower wall 
of the scafa t)mpani receives its own small 
arteries from the same source. 

Tlie course of the veins of the Iah>rinlh is'quite 
different from that of the arteries. Tfiefc arc 
three draining, venous 8>stem3. 



Fig. 560. Diagram of right human membranous labyrinth, seen from the medioposterior aide, to 
show the distribution of blood vessels; the endoiymplialic saccule cut off: a, .^ricria labyrinthica; al, 
lateral ampulla; op, pO'Vierior ampulla; os, superior ampulla; 5. acteria toclileatis communis; c, 
arteria vestibularis; coch, cochlea; d, arieris vestibulorochieacis; dr, ductus reuniens; dus, ductus 
utriculosacculans; c, artena cochlcaris propria; Isc, lateral semicircular canal; psc, posterior semi- 
circular canal; S, saccule: ssc, superior semicircular canal; U, utricle; tac, vena oquaeductus coch- 
leae; tai, vena auditiva interna; lai’, vena aquaeductus vestibuli; wi, vena spirahi inferior; isa, vena 
spiralis superior; ttu, vena vestibularis ameriof; wp, vena vestibularis posterior. Redrawn and 
modified from Stohr. 


cavities of the modiolus; here its branches fonn 
many irregular zjgzagv and cods and run spirally 
to the apex, this is the so-called “spiral tract** 
From the latter, side branches are sent out to 
the spiral ganglion and. through the periosteum 
of the scala vesiibuli and the spiral osseous 
lamina, to the inner pails of the basilar mem- 
brane Here the capillaries are arranged in the 
form of arcades in the tympanic covering layer 
under the tunnel and the hmbus. from them 
ari«es the vas spirale which lias just been mcn- 


In the cochlea the veins originate in the region 
of Uie prominentia spiralis and run downward 
and inward liirougli the periosteum of the scala 
tymjani to the spiral vein which is found under 
llie spiral ganglion; the spiral vein also receives 
branches from the osseous spiral lamina and from 
the spiral ganglion. Two such spiral veins can 
be distinguislied— the qpper and the iower; they 
belong to the corresponding coifs of the coch- 
lea- Above the spiral vein is the small vein of the 
spiral lamina which receives a part of the blood 
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mental in the perception of simple tones. 

In any event, the cochlea, like the 
retina, must be considered to be an organ 
with a receptor surface Avliose dilTerenl 
points possess different functional value. 
This yiew agrees witii the facts concerning 
the cerebral projection of the cochlea, re* 
cently revealed. - These show that (he 
basilar membrane is not represented in 


periplierol brandies (dendrites) of ihe bipolar 
ganglionic cells run lo the sensory areas. The 
saperior vestibular ganglion sends out four 
branches wblcli supply: (1) jJjg honzontil or 
lateral ampulla; (2) the frontal or superior ora- 
puha; (3) the utricular macula; and <4) a small 
part of (he saccular macula. From the inferior 
vestibular ganglion three branches arise. The first, 
the largest, supplies the larger part of the sac- 
cula macula; the second, the sagittal or posterior 
ampulla; the third, the smallest, joins tlse fibers 



Fig. 559. Diagram of the distribution of the nenes in the membranous labyrinth of the rabbit. 
After de Burlet from Koltncr. 


the brain in a summary way but topically, 
or point for point (Polyak, Lewi and Ko- 
brak, Walker) . 

Nerves of the Labyriiitli. The eighth cranial 
nerve supplies the sensory areas of the labyrinth. 
It consists of two parts of quite different func- 
tional nature and central connections — the tea. 
tibular and the coehtear nerves. The first divides 
into a superior and an inferior branch. TTic fibers 
of all these nerves are the central processes 
{ajrons) of bipolar ganglionic cells which fonn 
two ganglia. Of the.'©, the spiral or cochlear 
ganglion is incorporated in the cochlear nerve 
and located in the modiolus of the cochlea, while 
the vestibular ganglion belongs to the vestibular 
nerve and is located in the inner auditory oicatos 
of the tempotai bone. In correspondence with 
the subdivision of the vestibular nerve into a 
superior and an inferior branch the vestiJmlae 
ganglion can he also more or less distinctly sepa- 
rated into a superior and an inferior part. Tlie 


of the cochlear nene ; the latter connection needs 
further study (Fig. 557). 

The vestibular nerve terminates centrally la the 
reflex centers of the medulla oblongata and tUe 
ccrebclluin. Its cortical connections ate unkfovm. 
The cochlear nerve also has reflex connections 
in the medulla oblongata and the midbrain; but 
most of Its fibers nm in the lateral lemniscus to 
the media! geniculate body of the tlralamus and 
tiience to the sylvian fossa of the brain center 
for hearing. 

Blood Vessels of ihe Labyrinth. The labyr- 
inthine artery is a branch of the Inferior cere- 
bellar artery. It enters the internal meatus and 
divides into two branches, the vestibular artery 
and the common cochlear artery. The laiter di- 
vides into the vestibulocochlear artery {Fig. 560) 
and the cochlear artery proper. 

The vestibular artery supplies the 
lateral parts of the utricle and saccule and parts 
of the superior and lateral semicircular esnafs. 
It forms den«e networks of capillaries in t 
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arteries ore so prominent tliat tlicy make the 
impression of convoluted tufts (plomerult). 

True Jympliatics are absent in tbc labyrinlli. 
Instead, tlie evecss of ibe ti«suc lifjuld is drained 
into llie periljmpbalic spaces tvblcb are con- 
nected tbrougb tlie cocfilcar aqueduct wlili flie 
subarachnoid space*. A certain amount of drain- 
age may be cifcctcil throuRii the perivascular 
and perineural conncctitc tissue slicalbs. 

IlisloplissioJoRic Remarks. The tympanic 
membrane, besides protecting the middle car, 
receives the sound vvases and transmits them to 
the auditory o«sic!cs. 

Function of ibe Coclilra. Tbc tibratiorts of the 
tympanic meml'ranc arc transmitted ihrongli the 
chain of the auditory ossicles to tbc fenestra 
ovalis and hence to the pcril>7npli filling the scata 
tjmpani. The organ of Corti is the receptor for 
sound stimuli. It is generally believed that the 
analysis of the sound ivaves is accompbdicd in 
the organ ol Corti and that this depends upon the 
basilar membrane, a mcclianism for sympathetie 
ubration or reionancc. 

Function of the Vcstiliulum The nenoos Im- 
pulses elicited by the stimulation of the maculae 
and the cristao play an important role in the regu- 
lation and coordination of llic movements of 
equilibrium and locomotion. The main brain 
center through wliieli lhe«c impiiNc* exert their 
influence upon coordinated niiucidar contrac- 
tions, upon muscular tonus, and upon the eyes, 
is the brain stem and the cerebellum. 

Ilistogcnctic Remarks. Tht External and 
Middle Ears. The tympanic cauty ami the audi- 
tory tube are derivatives of the first branchial 
pouch. The esiernal auditory meatus develops 
through an invagination of the integnment di- 
rected toward the tympanic cavity. The tissue 
layer remaining between this invaginalioo and 
the tympanic cavity is transformed into the tym- 
panic membrane. 

The Otic Vesicle. The primordium of the laby- 
rmtli develops as a shallow groove oi thickened 
ectodermal epithelium, dorsally to the first 
branchial groove, on both sides of the brain, be- 
tween the myelencepliaJon and the meltnccphaloo 
(human embryo of 8 somites). The groove la in- 
vaginated into the subjacent mesenchyme and is 
transformed into the otic vesicle. In a human 
embryo of 2.8 mm. it separates tiirougb constric- 
tion fiom the ectoderm and is surrounded by mes- 
enchyme. The cavity of the vesicle is lined by tall 
pseudostratified epiilielium which secretes the 
endoly^mph filling the vesicle. 

From Its earliest stages the otic vesicle comes 
into miimaie contact with the large acoustic gang- 
lion which originates from the neighboring gang- 
lionic crest The ganglion adheres to the epithe- 


lium at the ontcrior side and later at the medial 
side of the vc«iclc. It later divides into the vesti- 
bular and cochlear ganglia. Unequal prolifera- 
tion id dilTercnt places of the epitbclijl wall of 
the otic vesicle leads to t)ie formation of folds, 
cvaginaiions and constrictions, and transforms it 
into an extremely conipIe.t system of sac- and 
tulicitke cavities. 

Soon after the isolation from tbc ectoderm the 
dorsal periphery of the vesicle sends out an ev agi- 
nation which is the primordium of the endolym- 
pliatic duct. Then a larger dorsal part of the 
vesicle liecorocs distinctly separated from a 
smaller ventral part. The first— the vestibular part 
—gives ri>e to the semicircular canal* and the 
utricles. The second, tlie coclilear part, forms the 
saccule and llir cochlea. 

On the wall of the vc«tihHlar part three flat- 
tened, foWlike evaginations appear; and develop 
into the ihrtc semicircubr canal* each with an 
nnipiiila. Wliat remains of die vestibular part is 
now the utricle. 

The cochlear part sends out a slightly curved 
oulpocketing-ilie primordium of the cochlea. It 
gradually gains in length, coils up os it grows, 
and becomes separated from the rest of the coch- 
lear pari, the saccule, by a deep constriction. In 
a human embryo of 22 mm. ilie form of the laby- 
rinth corresponds to that of the adult. 

Afacufac anil Cristae. Tlie maculae and cristae 
develop earlier than the organ of Corti. The epi- 
llielmm of the wall of the otic vesicle develop*, on 
its medial side, where the acoustic ganglion is lo- 
cated, a thickened area, tlie common macula (mo- 
cala community wiiich later divides into an upper 
and a lower epiiJielidl pad The first gives rise to 
the macula of the utricle and to the upper and 
lateral cristae A small part of the second thicken- 
ing forms the crista of the posterior ampulla ; the 
rest of (he second pad divides into the macula 
saccuii and the j*nniordjiim of the organ of Coni 
which gradually extends into the growing cochlea. 

In the maculae and cristae of a human embryo 
of 15 mm. two kinds of epithelial cells can already 
be distinguishrd— the plumper and darker neuro- 
epithelial and the more slender supporting cells. 
In an embryo of 18 5 mm. the hair cells on their 
free surface have developed a small tuft of hairs. 
They as well as the supporting cells Iiave on their 
surface a flagellum connected with a diplosome. 

The cupula and the otoliihic membrane arise in 
the center of the respective epithelial surface, 
when the two tell types just begin to differentiate, 
while at llieir edge the maculae or cristae are 
still growing. The membrane and the cupula ap- 
pear first as a thin homogeneous layer secreted 
on the epithelial surface. Then, nevv Jajers of a 
jelly-like substance are added by the supporting 
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from the spiral lamina and from the spiral gang* 
lion and is connected by anastomoses with the 
spiral ^ein. These %ein5 of the cochlea'.form a 
plexus in the modiolus which empties the blood 
partly into the vena auclitiva interna, which 


car seems to insure the best possible protection 
of the receptors of the sound stimuli from the 
concussions caused by the pulsating waves. The 
arteries are arranged, for tlie most part, in tlie 
vrall of the scala vestibuli while the wall of 



Fig. 561. Diagrammatic radial transection of the two lower coils of tlie cochlea showing the dis- 
tribution of the blood vessels, arteries wiib double contours, veins black, art trsp. Artery of spiral 
tract; a, prominentia spiralis; b, vas spirale; c, artery supplying the spiral ganglion; d, arteiy suP' 
plying the spiral iamma; e, artery circling the upper wall of the scala; /, artery supplying partition 
beti'een two coils of the cochlea; Gsp, ganglion spirale; 5, stria vascularis; Set, scala tympani; 500, 
scala vestibuli; vlsp, vein of the spiral Iamma; vspi, inferior spiral vein; vsps, superior spiral vein. 
Redrawn and modified from Slohr. 


leaves the labyrinth with the labyrinthine artery, 
and partly into the vein of the cochlear aijncduct, 
which drains into the jugular vein 

The veins of the vestibular apparatus and the 
semicircular canals empty into the veins oI the 
vestibular and of the cochlear aqueducts. 

This arrangement of the vessels in the intemal 


Uie scala tympani contains the veins. The basilaf 
membrane in its outer part, the zona pectinafa, 
as well as the vestibular membrane, is completely 
devoid of blood vessels. The coiled course of the 
spiral arteries in the modiolus probably also 
contributes to the damping of fhe pulsatory con- 
cussions. In certain mammals the coils of ihesa 
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tlie peril)mplialic spaces, de%elop around ihe 
membranous lab>rinlli. They are especially large 
around ibe saccule and ulricle, »licre ibe process 
starts. TUe peril>ntpl»atic spaces arc tra\€rscd by 
strands of connective tb^ue Viliicli arc the rem- 
nants of the loo«e mescncliyme. These trabeculae 
connect the cartilaginous capsule with the wall 
of the membranous labyrinth. Where the epithe- 
lium forms the sensory areas the mesenchyme 
remains dense. The mesenchymal cells which re- 
main on the surface of the trohcriilac and of the 
lahyrinthinc wall and perichondrium are flattened 
and are transformed into mesenchymal epithelium. 

In tadpoles of the aniira, if the otic vesicle is 
transplanted into another place of the body, >t 
becomes surrounded by cartilage arising front (he 
local mesenchyme. 

The cochlea receives its perilymphatic spaces, 
the two scalae, through an extension of the peri- 
lymphatic cisterna along its upper and lower side. 
In embryos of 43 mm. the scala tympani appears 
in the region of the cochlear fenestra, In the stage 
of SO mm. the scala vestihiili. They gradually 
grow out and coil together with the cochlear duct, 
always remaining attached to its upper and tower 
wall and compressing It between themselves, so 
that it acquires in transection a triangular shape. 
At the outer periphery of the cochlear duel, as 
well as at its inner edge, the mescncliyme is not 
loosened up. Here the wall of the duct remains 
connected with the cartilaginous capsule. Later 
ossification occurs which gives rise to the modi- 
olus in the axis of the cochlear duct and to the 
outer wall of the osseous cochlea at its periphery. 
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ceJJs, whereas above the hair ceHs free spaces re- 
main into which the growing hairs expand. T^e 
otoconia first arise as tiny, granular precipitates. 
TJiey are believed to be secreted by the epilhe- 
]i!im in the form of soluble calcium sails and to 
diffuse into the gelatinous layer; when they reach 
the surface of the latter they are precipitated in 
the form of crystals. 

ffistogenesis of tht Orgari of Corti. The differ- 
entiation of tile organ of Corti proceeds gradually 
from the basal coil of the growing cochlea to its 
apex. The epithelium extends along the basal wall 
of the canal in the form of a long ridge which soon 
divides longitudinally into an inner larger and an 
outer smaller ridge. The fate of the tall cells of 
the inner ridge fs different in its inner and outer 


of the protoplasm of the supporting cells in their 
middle height. On the surface their cuticles arc 
closely connected into a continuous membrane. 

The surface of both epithehal ridges is covered 
from the very beginning with a thin layer of a 
substance secreted by the epithelium and showing 
a fibrillar structure in a jelly-like ground sub- 
stance. It is the future tectorial membrane. Its 
outer edge extends toward the outer surface o( 
the outer ridge, where its fibers for a while seem 
to be firmly connected with the phalanges and the 
cells of Hensen. Inwardly it extends over the 
surface of the limbus and firmly adheres to the 
cuticle of the epithelial cells- When the cells of 
the inner ridge undergo autolysis and collapse, 
the tectorial membrane remains on the surface, 



with the surface of the suiduv* i— ^ *' • ce- 

311 X* After Kolmer. 


parts. In the former, connective tissue penetrates 
into the epithelium and separates it into radial 
rows of flask-shaped cells embedded in connective 
tissue, while their cuticles form a mosaic pave- 
ment on the surface. This region develops into the 
limbus spiralis with its abrupt sharp edge aild 
with its auditory teeth. In the outer part of the 
inner ridge the tall, slender epithelial cells in 
later stages gradually undergo a peculiar auto- 
lytic? involution and disappear; only a thin layer 
of sejuamous cells remams-the epithelium which 
lines the infernal spiral sulcus. 

The outer, smaller ridge, which is the prim- 
ordiiim of the organ of Corti, at first consists of 
uniform cells. Then among the latter dark, flask- 
shaped cells appear-the inner and outer hair 
cells. The remaining elements elaborate tonofib- 
rils and differentiate into the various supporuog 
cells The spaces of Nuel as well as tlie lumen of 
the tunnel are the result of a partial dissolution 


spanning the gradually increasing excavation of 
the spiral sulcus. 

The connections between the sensory areas of 
the labyrinth and the nerve fibers of the vestib- 
ular and cochlear ganglia are established in very 
early stages. The pointed, free ends of the fibers, 
presumably guided by chemotactic influences, find 
their way into the thickened epithelial patches 
and form the endings described above. 

Histogenesis of the Peril) mphaiic Space. While 
the otic vesicle grows and differentiates, the mes- 
enchyme surrounding the epithelium of the grow- 
ing labyrinth develops into a layer of cartilage, 
which remains separated from the epillicliiim by 
a layer of mesenchyme- This is later condensed to ‘ 
a Ghrous layer and with the epithelium forms the 
wall of the membranous labyrinth. Between ibc 
wall end the cartilaginous capsule, the mcs* 
enchyme is loosened op and its meshes increase 
to Buch an extent that cavities filled with liiioid. 
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the perilymphatic spaces, develop around the 
membranous lab)rint!i. They are especially large 
around the saccule and utricle, where the process 
starts. The perilymphatic spaces are traversed by 
strands of connective tissue which are the rem- 
nants of the loo«e mesenchyme. Tliese trabeculae 
connect the cartilaginous capsule with the wall 
of the membranous labyrinth. \^’here the cpilhe- 
hum forms the sensory areas the mesenchyme 
remains dense. The mesenchymal cells which re- 
main on the surface of the trabeculae and of the 
lahyrintliinc wall and perichondrium are flattened 
and are transformed into mesenchymal epithelium. 

In tadpoles of the eniira, if the otic vesicle is 
transplanted into another place of the body, it 
bpcomea surrounded by cartilage arising from the 
local mesenchyme. 

The totWea receives its perilympbalic spaces, 
the two sealae, through an extension of the peri- 
lymphatic cisterna along its upper and lower side. 
In embryos of 43 mm. the seals tympani appears 
in the region of the cochlear fenestra, in the stage 
of 50 mm. the scala vestibuli. They gradually 
grow out and coil together with the cochlear duct, 
always remaining attached to its upper and lower 
Wall and compressing it between themselves, so 
that it acquires in transection a triangular shape. 
At the outer periphery of the cochlear duct, as 
well as at its inner edge, the mesenchyme is not 
loosened up. Here the wall of the duct remains 
connected with the cartilaginous capsule. Later 
ossificalion occurs which gives rise to the modi- 
olus in the axis of the cochlear duct and to the 
outer wall of the osseous cochlea at its periphery. 
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wHs, whereas above the hair cells free spaces re* 
main into which the growing hairs expand. The 
otoconia first arise as tinf, granular precipitates. 
They are helieved to he secreted by the epUhe- 
Jiym in the form of soluble calcium salts and to 
diffuse into the gelatinous layer; when they teach 
the surface of the latter they are precipitated in 
llie form of crystals. 

Histogenesis of the Organ of Corti. The differ- 
entiation of the organ of Corti proceeds gradually 
from the basal coil of the growing codilea to its 
apex. '' 

of the c 

divides .vMfaiUiuiuaiiy into an inner latger and an 
outer smaller ridge. The fate of the tall cells of 
the inner ridge la difierent in its inner and outer 


of the protoplasm of the supporting cells in their 
middle height. On the surface their cuticles are 
closely connected into a continuous membrane. 

The surface of both epithelial ridges is coveted 
from the very beginning with a thin layer of a 
substance secreted by the epithelium and showing 
« fifirillar structure in a jelly-like ground sub- 
stance. It U the future tectorial membrane, hs 
outer edge extends toward the outer sarlace ol 
the outer ridge, where its fibers for a while seem 
to be firmly connected with the phalanges and the 
cells of llensen. Inwardly it extends over the 
surface of the limbos and firmly adheres to the 
cuticle of the epithelial cells. When the cells of 
the inner ridge undergo autolysis and collapse, 
the tectorial nterabrane remains on the surface, 



Fig. 562. Histogenesis of the organ of Corti in a human fetus of •i’t T’" * • ' ' 

brane has become 

With the surface ' ■ ■ ■ • . 

3U X. After K< 

parts. In the former, connective tissue penelratea spanning the gradually jnexeasing excavation of 
into the epithelium and separates it into radial the spiral sulcus. 

rows of flask-shaped cells emhedded in connective The connections between the sensory areas of 
tissue, while iheif cuticles form a mosaic pave- the labyrinth and the nerve fibers of the vesttb- 
ment on the surface. This region develops into the ular and cochlear ganglia are established in very 
limbus spiralis with its abrupt sharp edge and early stages. The pointed, free ends of the fibers, 

with its auditory teeth. In the outer parr of the presumably guided by chemoMcti'c influences, find 

inner ndge the tall, slender epithelial cells m their way into the thickened epithelial patcfies 
later stages gradually undergo a pecwliat auto- and form the endings described above, 
lytic? involution and disappear; only a thin layer Htstogenests of thePefily}nphaticSpace.'^\\de 
of squamous cells remains— the epithelium which the otic vesicle grows and differentiates, the mes- 
lines the internal spiral sulcus. enchynie surrounding the epithelium of the ^o«- 

The outer, smaller ridge, which is the prim- ing kbytinlh develops info a layer of cartilage, 

ordium o! the organ of Corti, at first consists of which remains separated from the epithelmm by ^ 

uniform cells. Then among the latter dark, flask- a layer of mesenchyme. This is later condensed m 

shaped cells appear-the inner and outer hair a fibrous layer and with the epithelium forms ne 

cells. The remaining elements elaborate lonofifa- wall of the membranous labyrinth. Between t ic 

nls and differentiate into the various supporting wall and the cartilaginous capsule, the mes^ 

cells The spaces of Nuel as well as the fumeii of enchyme is loosened up and its mesh 

the tunnel are the result of a partial dissolution to aach an extent that cavities fill 
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tela submucosa, 350 
All or Rotliing law of nerve 
fibers, 193-191 
AUoxan, 450 

Alpha cells of hypophysis, 
299 

of islets of Langerhans, 
416 

granules oThypophy sis, 299 
particles, 7 
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Altmann-Gcrah frec/iiig- 
drying method of fixation 
of tissue, 7 

Alvcoinr ccli tumors, 470 
ducts, 163 
of lungs, 160 
of maiiiiiinry gland, 591 
epithelial cells, luideatod, 
470 

epithelium, 170 
giniuls, compound, 293 
sitnple, 293 
phagocytes, 470 
sacs, 160, 165 

Alveolus (Alveoli) of gland, 
292 

of lungs. 160, 16 j 
cells lining, 168 
of lymph nodes, 263 
of mninimiry gland, .591 
of sebaeroua glands, 313 
of toolli, 373 
Amrbisin, 51 
Amcloblasts, 379 
Amino acids, absorption by 
intestines, 115, 417 
Amitosis, 18, 22 
Amnion, 574 

Amorphous ground sub- 
stance, 58 

Ampulla (Ampullae) of duc- 
tus deferens, 527 
of lymph nodes, 263 
of oviduct, 558-559 
of semicircular canals, 639, 
610 

Amylase, 17, 451 
Anaphase, 18, 19 
Anastomoses, arterio-ve- 
nous, 215 

Anatomy, microscopic, deli- 
nition, 1 

Anemia, pernicious, 89 
Angle of iris, 602, 613 
Anhydrase, carbonic, in 
lungs, 477 
Anivocytosis, 43 
Anisotropic disks, 163 
Annuli fibrosi, 248 
Anovulatory menstruation, 
566 

Anti-aneinic factor in eryth- 
ropoiesis, 95, 430 
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iV'Oti, renction, 2-0 

rcflevcs in intp^llno, tit 
Axoplasm. 1H3 
of axis c>lin(lpr, 109 
A/«irop!iil grnimics, J7 

B of Islols of IvntiRpr- 

lians, 416, 150 
Bacteria, 1 

pliagt>cylosis of, hy lu’ter- 
opliil gramil<x:y(c's, 52 
Bacterium inonocy togenes, 
40. 52. 110 

Band, lame, p'riostcal, 1 tl 
Itars, terminal, .37 
B.^rlholin'i, glands, 500 
Jtasiil cells of olfactory cpi- 
tlieliiim, 15 1 
of oral glands, 362 
corpuscle, 35 
Basement membrane, 20 
of epidermis, 333 
of kidney. 192 
Basic lamellae of bone, 132. 

no 

Buaichroinatin. 9 
Basilar filwrK. 619 
iiicmbrniic, 616, 61&'6I9 
Basket cclU, 291 

of oral glands, 362 
Basophil cells of hypophysis, 
299, 301 

erythroblasls, 89 
granular leukocytes, 46, 19 
granulated erythroc)tes, 
43 

myelocytes. 91 
Bellini's ducts, 490 
Berlin’s columns, 102 
Beta cells of hypopliysis, 
299. 301 

of islets of Langerhaiis, 
116 

granules of liypophy sis, 299 
particles, 7 

Bielschowsky methods, 71 
Bile, 414, 131 

acids, fornialiori in liver, 
431 

canalicules of liver, 427 
ducts, 131 

extrohepatic, 431, 132 
histogenesis, 439 
inlrahepalic, 131, 432 
formation, 431 
in liver, 428 

storage in gallbladder, 435 
white, 436 

Biliary dyskinesia, 438 
Billroth cords, 273 
Bipolar cells of retina, 619 
centrifugal, 619 
centripetal, 619 
neurons, 187 


Birds iiiedullary Ihhu' in, 
150-151 

Bivulent clironiosoiiics, 511 
Bladder, urinary, 181 

blood s'cHscIsand nerves, 
198 

internal sphincter, 532 
intrn-epitliclial cysts, 
497 

tnusciilnr coat, 198 
Blandin’s gland, 361 
Blastciiia, niclanepbric, 501 
Blasts, 107 

Bleeding, intcrtnenstriial, 
565 

Blind jtortion of retina, 601— 
602 

sjKil of eye, 61 1 
Blindness, crosse«l, 622 
Bloo<l, 10 

agrnttulocyles, 16 
cells, embryonic endotbe- 
iial cells and, 40 
priinilivc, 100 
circulation, 330. 316 
clotting. 5 i 
coagulation, 5 1 
connective tissue and, cell 
interrclattontliip.40, 110 
corpuscles, red, II. Seo 
also Erylhnxytes. 
while, 41. See also Len- 
koeyUs. 

embryonic development, 
99 

from vascular ciido* 
tbclium. 101 
in body nieseneby me, 
101 

in bone marrow, 102 
in liver, 102 
in lymphatic organs, 
103-101 

in yolk sac, 99, 100 
entrance of myeloid ele- 
ments into, 94 
formed elements, 40 
free niacropLages of, 50 
genetic interrelationships 
and potencies of its cells 
and other cells, 110 
granulocytes, 48 
bcmolustioblasts, 51 
islands, 100 
lymplioicl elements, 77 
myeloid elements, 77 
plasma, 40 
platelets, 41, 53 
function, 53 
regeneration, 77 

serum. Si 
sludged. 43 
tissues, forming, 77 
vascular system, 230 


Blood \esscls, 330. See also 
Ar/eries, I'etns and 
Capillaries. 
histogenesis, 353 
nerves of, 215 
of adrenal glands, 313 
of hlood vessels, 215 
of bronchi, 472 
of cardiac muscle, 171 
of central nervous sys- 
lein, 225 

of oudometrium, 565 
of epithelium, 37 
of eye, 629 
of eyelids, 633 
of gallbladder, 435 
of heart, 251 
of liyjiophysis, 301 
of intestines, 410 
of kidney, 492 
of labyrinth, 656 
of larynx, 458 
of liver, 121 
of lungs. 472 
of lympli nodes, 263- 
266 

of lymphatics, 260 
of mammary gland, 597 
of oral glands, 366 
of ovary, 557 
of pancreas, 118-149 
of porathyroid glands, 
309 

of penis, 537 
of pharynx, 371 
of pleura, 476 
of skin, 3 15 
of stomach, 410 
of striated muscle, 167 
of testis, 521 
of thymus, 321 
of thyroid gland, 303 
of trachea, 459 
of urinary passages, 498 
of uterus, 576 

Blood-dcstrOying tissues, 77 
Blood-forming tissues, 77 
Blue nevi, 334 
Body (Bodies), aortic, 252 
Call.Exnor, 545-516 
carotid, 252 

cavernous, of penis, 537 
clilefcclls of gastric glands, 
392 

chromatoid, 513 
ciliary, 601, 607 
coccygeal, 216 
colostrum, 598 
composition, 15 
crystalloid, of interstitial 
cells of testis, 522—523 
of spermatogonia, 510 
Hassall’s, 318, 320 
Ifensen’s, 65 { 
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Antibodies, lymphocytes 
and, 85 

Antibody formation in 
spleen, 283 

Antidromic conduction of 
nerve fibers, 193 
Aortic bodies, 252 
valves, 249 

Apocrine axillary glands, 
344, 345 
secretion, 289 
of mammary gland, 396 
Apparatus, canalicular, 11 
Golgi, 10, 184 
Appendices epiploicae, 410 
Appendix, 406 
epididymidis, 526 
testis, 526 

Appositional growth of car- 
tilage, 123 

Aqueduct, vestibular, 639 
Aqueous humor, 602, 629 
Arachnoid membrane, 223 
villi, 227 

Arbor vitae cervicis, 568 
Arc, arterial, 631 
nuclear, of lens, 625 
Architecture of bone, 128 
Arciform arteries of kidney, 
492 

Arcuate arteries of kidney, 
492 

Area cribrosa of kidney, 482 
striata, in relation to 
nervous system, 214 
vasculosa, 101 
Areola of mammary gland, 
S92 

Areolar glands of Mont- 
gomery, 592-593 
tissue, 56 

Argentafline cells of appen- 
dix, 407 

of gastric glands, 39 1 
of small intestine, 101, 
102 

Argyrophil fibers, 73 

of small intestine, 401 
Arrector pili muscle, 339 
Artefacts of fixation, 2 
Arterial arc, 631 
capillaries, 234 
tracts, spinal, 225 
Arteriolae rectae spuriae, 
493 

verae, 493 
Arterioles. 235, 236 
precapillary, 235 
Arteriosclerosis, 241 
Arterio-venous anastomoses, 
215 

Artery (Arteries), 234 
blood vessels of, 2 15 


Artery (Arteries), central, of 
while pulp of spleen, 276 
changesin, with age, 240 
circulatioin in, nerves regu- 
lating, 240 

coiled, in endometrium, 
565 

conducting, 235 
connections, atypical, with 
veins, 245 
coronary, 251 
different types, connec- 
tion between, 239 
distributing, 235 
elastic membrane, 235 
type, 235, 238 
fenestrated mem- 
branes, 238 
tunicaadventilia. 239 
intima, 238 
media, 238 
endothelium, 234 
heticine, 538 
histogenesis, 253 
hybrid type, 239 
labyrinthine, 656 
large, 238 

medium caliber, 237 
mixed type, 239 
muscular type, 235, 237 
internal elastic mem- 
brane, 237 

tunica adventitia, 237 
intima, 237 
media, 237 
nerves of, 240 
of heart, 251 
of kidney, 492 
arciform or arcuate, 492 
interlobar, 492 
interlobular. 493 
intralobular, 491, 493 
of liver, 421 
of !;ku]l, 239 
of spleen, 275 
pulp, 276 
aheathed, 276 
union with veins, 279- 
282 

pulmonary, branches, 472 
radicular, anterior and 
posterior, 225 
small, 236 

tunica adventitia, 237 
intima, 236 
media, 236 
structure, 234, 235 

physiologic significance, 
210 

tunica adventitia, 235 
externa, 235 
interna, 235 
intima, 235 
media, 235 


Artery (Arteries), umbilical, 
239 

uterine, during pregnancy, 
576 

•walls, layers of, 235 
Articular surfaces of bones, 
153 

Articulations, 152-153 
Aryepjglottic folds, 457 
Asbestos transformation of 
hyaline cartilage, 120 
Ash, bone, 126 
Astrocytes, 206 
fibrous, 206 
plasmato-fibrous, 207 
protoplasmic, 206 
Astroglia, 206 

Atresia of ovarian follicles, 
554 

Atrioventricular bundle, 250, 
251 

node, 251 
valves, 249 

Atrium of heart, 246, 250 
of lungs, 460, 467 
Atrophy of bone, 12 4 
of lymphatic tissue, 85, 315 
Attraction sphere, 11 
Auditory center, in relation 
to nervous system, 214 
meatus, external, 636 
ossicles, 638 
strings, 649 
teeth of Huschke, 6 17 
tube, 638 

Auerbach’s myenteric 
plexus, 412 
Auricle, 636 

Autonomic nervous system, 
203. See also Nervous sys- 
tem, aulonomie. 
Autoradiography, 7 
Axial filament of spermiuin, 
517 

Axillary glands, apocrine, 
344. 345 
Axis, cell, 34 
cylinder, 181 

development, 218 
distinguished from den- 
drites, 186 
of nerve fiber, 189 

conduction by, 189 
of cochlea, 645 
optic, 600, 602 
Axolemma ofMaulhner, 192 
Axon, 181 
development, 218 
distinguished from den- 
drites, 186 
ending, 186 
-hillock, 186 
of nerve fiber, 189 

conduction by, 189 
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IknnchiiiK^, peripheral, of 
colWlitts; luhules of kitl- 
ney, 190 

Brensl. See Mammary ffhml. 
Bridge corpu~ch*, 36 
ititereellvilar, 36 
Bronchi, 139-160 
hlooil \os.scl'', 172 
cartilage plate-*, 160-161 
glands, 162 
liislogenesis, 476 
lymplmtie tissue, 162 
NCssels, 171 

mucous mciuhrnuc, 461 
inyo-elastic tissue, 161- 
162 

Bronchial lubes, 139 
Bronchioles, 160 

rcspir.it«try, 160, 163 
terminal, 160 
Brown fat tissue, 61, 75 
Bruch’s membrane of chori- 
oidea. 607 

Briicke’s muscle, 608 
Brimncr’a glands, 106 
liislogenesis, 418 
secretion of. Hi 
Brush border, 29, 33, 188 
Biiccul glands, 36.3, 366 
Budding, new formation of 
\dood s\*s-m;U by, 253 
Buds, follicular, of tli^Toid 
gland, 303 

taste, 357 Sec also Tasfe 
bnds 

>ascular, 253 
Bulbar conjunctiva, 631 
Bulho-urcthrul glands, 531 
Bulbs, terminal, of Krause, 
203 

llundle(s), atrioventricular, 
250. 251 

collagenous, in tendons, 71 
muscle, striated, 1C5 
papillo-macular, 621 

C cnLLS of islets of Ijmger- 
hans, 416 
Cabot’s rings, 45 
Cajal and Golgi, pericellular 
net, 181 

Calcification, of l)one, local 
and humoral factors, 
1 19 

provisional or prelimi- 
nary, 137 
of cartilage, 120 
of dentin, 375 

Calcium deficiency in bone, 
152 

deposition in bone, 149 
paratfiyroid glands and, 
310 

Call-Exncr bodies, 515—546 


Callus, fibrocnrlilaginous. 

Its 

furmntion in frnrtures, 1 13 
Calyces of kidney, 181 
Cumbinin layer of ju'rius- 
teuiii, 133 

Cnnalfs), cochlear, iiiejn- 
bmnoiis, 616 
osseous, 616 
Ilaxersian. 129 
Ilerinp’s, 13l 

hyaloid (Cloepict’s), of 
\ilroous l»ody, 629 
Sclilcmm’s, 603, 613 
semicirenlnr, 639, 612 
spiral, of modiolus, 617 
Volkiimnii's. 129, 132 
Canalicular apjKirulus, 11 
Cun:»licuh-s, bile, of H\or, 
427 

bone, 125 

llnvefsian, 130, 131 
CanuUcuh in_ hyaline cnrli- 
lage. 119 

intracellular, of glandular 
cells, 291 

Cancellous Imno. 12t, 128 
Cap. hc.ul, of spermium. 51-t, 
517 

iiielanepliric. 501 
Capillary (CnpiUar'ms). 230 
arterial, 231 
counoctiNC tissue, 231 
endothelium, 230 
histogenesis. 233 
lympliatic, 257 
networks, 233 
of hraiii substance. 225 
pcrilliebum, 231 
reticular fdters, 231 
secretory, of multicellular 
glands, 291 
stigiiuila, 231 
stomata, 231 
structure, 230 
■venous, 231 

Ca{isulnr cells of jwriphcral 
ganglia, 205 

Capsulefs), Bowman’s. 485 
cartilage, 118 
Glisson’s, 127 
joint, 153 

of adrenal glands, 313 
of kidney, 481 
of lens of eye, 625 
of lymph nodes, 261, 262 
of spleen, 270 
of lesUs, 52l 
Tenon’s, 603 

Carbohydrates absorption 
by intestines, 415 
in ceil, 11, 15 

Carbonic anhydrasc in lungs, 
177 


Cnrdia, 389 

Cariliac area of stomach, 
309-390 

gliinds of esojihnpus, 388 
of stomach. 395 
muscular tissue, 171. See 
nl'O Muscle, cardiac, 
skeleton, 218 
vnhes, 219 
Carotid bodies, 252 
Curtilage, 117 

npi>ositional growth, 123 
iKinc formation from, 125, 

137 , no 

capsules, 118 
cells, 117 
collagen in. 119 
clnstie, 121 
fibrous, 121 
glnsslike, 117 
histogenesis, 122 
hyaline, 117 
asbestos transforma- 
tion, 120 
calcification, 120 
cnnnliculi in, 119 
intcrstitiol substance, 
118 

oss|/5cnl{on, 120 
ic-gcneralion of, 120 
tegressisc cUanges, 120 
inlerslitiiil growth, 123 
Meckel’s, Its 
metaplasia, 120 
models of bones, embry- 
onic Ossification In, 131 
of bronchi, 160—161 
of larynt, 157 
of trachea, 159 
plate, epiphyseal, 121 
pseudo-, 122 
xarjclics, 122 
Caruncle, lacrimal, 633 
Casein, 598 

Caspersson’s ultraviolet mi- 
croscopic absorption Rjicc- 
troscopy, 17 

Castle, intrinsic factor of, in 
crylliropoiesis, 95-96 
Castration, clfect of, on 
storage of gonado- 
trophic hormones in 
hypophysis, 302 
Calhcpsin, proteolytic en- 
zyme in tliyroid colloid, 
307 

Caudal sheath of spermatids, 
5U 

Cavernous bodies of penis, 
537 

Cavity, l)Qne cell, 125 

marrow, definitive, 1 IS 
primary, 113 
glandular, 290 
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Body (Bodies), IloweU-JoUy, 
45 

liyaline, in hj-popiiysis, 
300-301 

interniediate, of Flem- 
ming, 20 
Kurloff, 47 
Malphigiaii, 270 
mesenchyme, 101 
Nissl’s; 183 

pineal, 322. See also Pineal 
body. 

polar, first, of ovum, 519 
second, of ovum, 519 
Relzius’, 651r 
rod, 617 

Bussell’s, 63, 396 
slender, of pillar of Corti’s 
organ, 652 
vitreous, 602, 627 
Border, brush, 488 
Boeke’s periterminal net, 
2Q0 

BocttcJjcr's cells, 650 
Bonofs), 121 
nrciuiecture, 128 
articular surfaces, 153 
osh, 126 
atrophy, 121 

band or collar, periosteal, 
I'll 

ualciflcntlon, local nnd 
liumofol factors, 1 19 
provisional or prelimi- 
nary, 137 

calcium deficiency in, 152 
deposition in, 149 
callus, formation, 115 
canaliculcs, 125 

Haversian system, 130, 
131 

cancellous, 121, 128 
cells, 125 
cavitii’s, 125 
collagen, 128 
compact, 124, 129 
structure, 132 
dccalcification, 139 
development, 125 
as a whole, 1 10 
disease, marble, 152 
elastic fibers, 133 
endochondral formation, 
131. 137 

endosteum, 125, 133-131 
formation, estrogens and, 
151 

from connective tissue, 
125, 131, 115 
in cartilage. 125, 137, 
110 

spontaneous, 1 17 
fuBCtions, 121 


Borvefs), Haversian canals, 

129 

systems, 129 
formation, 139 
primitive, 140 
histogenesis, 134 
histophysiology, 149 
hormone action on, 152 
hyperparathyroidtsm and, 
152 

hypertrophy, 121 
in osteitis fibrosa, 152 
in osteomalacta, 128, 139, 
152 

in osteoporosis, 152 
in Paget’s disease, 152 
in rickets. 128, 139, 1 19 
adult, 139, 152 
in scurvy, 152 
in von Hvcklinglmuscn’s 
disease, 1S2 

internal reconstruction, 
125 

intersUlio] substance, 125, 
126 

cbenilcat composi- 
tion, 126 

intraenrtUaginous forma- 
tion, 13 1, 137 
intramemLranous ossifica- 
tion, 125 
lacunae, 125 
Ifowship’p, 139 
of Haversian system, 

130 

lameUoe. 125, 129 

basic or circumferential, 
132.110 

interstitial or ground, 
132 

of Hnv'crsian system, 
130 

long, grow ih apjmratus of, 
121 

ossification. 140' 
marrow, 85, 133 
cavity, definitive, 145 
primary, 143 
eieinents, 87 
cmbolisii), 96 
embryonic, hemopoiesis 
in, 102 
fatty, Sm 
functions, 95 
gcluliiious, 85 
mucous, 83 
red, 85 
sinu-soids, 86 
stroma, 93 
yellow, 83 
matruc, 123 

medullary, in birds, 150- 
151 

ossein, 126, 128 


Bone(s), ossification centers, 
Ul 

ectopic, 147 
heterolopic or meU- 
plastic, 134 

embryonic, in cartilage 
models, 134 
endochondral, 134, 137 
inlracartilaginous, 131, 
137 

intraniembranous, 125, 
131 

osteocoHngenous fibers, 
126 

perforating libers, 132 
periosteum, 121-125, 133 
phosphatase in. 125 
radioactive substances in, 
128 

reconstruction, internal, 
139 

repair, 145 
salt, 126 

Sbarpoy’s fibers, 132 
skeletal support of body 
by, 124 

spongy, J2J, 128 
structure, ISl 
thyroid glands and, 152 
vitamin deficiency in, 153 
Volkmann’s canals, 129, 
132 

Bony callus, 1 17 
cochlea, 639 
union in fractures, 117 
Border, brush, 29, 3S, 188 
cells of Cortl’s organ, 653 
fibrils of smooth mu«cle, 
158 

striated, 33 

Bollcher’s spermia crystals, 
511 

Bound fat. 11 

Boundary zone of adrenal 
glands, 3I'l 

Bowman's capsule, -Ifio 
glands, 455—156 
ineiubrane, 604 
Brachet's ribonucle<ts.c, 17 
Brain, dura mater, 223 
electric iiianifvslntions, 

215 

gray matter, 191 
* leplomcningcs, 223 
substance, capillaries <if. 

ventricles, 226 
white matter, 191 
Brain-sand granules of pineal 
body. 323 

Branchings, central, of 
lecting tubules of kidney, 

190 
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011(3), orKajioitN, 10 
oxidation, 16 

oxj'pliil, of pnmlliyroid 
pland-t, 309 
Ponelh’s, -102, 418 
parnfoUicwlnr, of lliyrtud, 
303 

pnrnlutein, 552-553 
imrencliyniatons, of jilncnl 
body, 323 

parietal, of gastric glands, 
392 

pcricnpillnry, 232 

of pulmonary al\«s)li, 
170-171 

phagocytic, "7, 423 
plmlangonl, of Corti's or- 
gan, 652 
inner, 652 
outer, 653 
phosplmlnse in, 16 
pigjuent, in loose conni'c- 
tive tissue, 63 
plasma, in loose connec- 
tive tissue, 62 
principal, of liypophy'”''** 
299 

of parathyroid glands, 
308, 309 

proteins in, 11, 15 
protoplnsui, 7 
reproduction and growth, 
16 

reserve, of hypophysis, 
299 

respiration, 16 
resting, 18 
■wandering, 62, 96 
reticular, 96 

of lymphatic tissue, 78 
phagocytic, 77 
primitive, 77 
pwlencies of, 113 
retrograde, degeneration, 
220 

rhagiocrine, 62 
lUeder, 50 

rod, of Corti’s organ, 650 
of retina, 617 
llouget, 232 

satellite, of central nerv- 
ous system, 206, 208 
of peripheral ganglia, 
203 

Schwann’s, 190 

of peripheral nerves, 203 
secretory granules in. 13 
septa!, of pulmonary alve- 
oli, 170 

serous, of oral glands, 358, 
360 

Sertoli’s, 5Q7 

sex, definitive, origin, 587 


Cell(s), sex. fciiiQle, 512 
male, 507 

and fciiiolc, coinpnri- 
son, 582 

primitive, 581, 586 
smooth luuficio, 157 

contact with one an- 
other, 159 

specialized, 16 
sja'rnmtogenic, 507, 519. 
Sec olso Spfrmafogenie 
cells. 

spider, 206 
squamous, 29 

of nrachnoid. 221 
staining, 4, 5 
stellate, of hv|Milic sinus- 
oids, 423 

stem, priniilivo, 99 
striateil niuscle, 161 
structure, 7 
suhstiluling. 37 
supporting, of acoustic 
maculae, 612 
of Corti’s organ, 630 
of olfactory cpitheliiini. 
•153,151 

of tosle buds, 357 
susteiilHctilar. See Cells, 
supiH/rling. 

sympulhicotroplc. 557 
syinpathocliromanin, of 
adrenals, 313, 31 1 
taste, neuro-cpithclial. 357 
trophocUtome, of oral 
glands. 361 

YCgetalivc existence, 16 
visual, of retina, 617 
wandering, primitive, of 
mesenchyme, 100— 
101 

resting, 62, 96 
zymogenic, of gustric 
glands, 392 

Celloidin for embedding of 
tissues, 5 

Cellular elciiicnls of loose 
connective tissue, 58 
structure, 7 

configuration of, in rela- 
tion to processes in 
tissues, 16 
Celom, 28 
Ccmcnticles, 379 
Cementum, 373, 377 
hyperplasia, 377-378 
Sharpey’s fibers, 377 
Crnter(s), auditory, in rela- 
tion to nervous system, 
214 
cell, 11 

germinal, irf lymphatic tis- 
sue, 81 
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Center (s). lymphocytopo- 
ietic, 81, 273 
ossification, 1 1 1 
reaction, of lymphatic tis- 
sue, 81 

of spleen, 273 
rotation, of eye, 603 
\ isual, in relation to ner\ - 
oils system, 21t 
Central nrtery of uliile pulp 
of spleen, 276 
branchings of collecting 
tubules of kidney, 190 
llagella, 35 

fovea of retina, 611, 622 
lacleuls, 412 
vessel, 257 

nervous system, 180. See 
also Nereous sysleni, een- 
iral. 

veins of liver, 122 
Centrifugal bipolars of ret- 
ina, 619 
Cenlrloles, 11 

Centripetal bipolars of ret- 
ina, 619 

Centro-ncinoiis colls of pan- 
creas, 418 

Centrosoiiic of nerve cell, 
185 

Cerebrospinal fluid, 227 
Cerumen, 636 

Cecumen-producing glands 
of external auditory mea- 
tus, 315 

Ceruminous glands, 636 
Cervix of uterus, 561, 568 
glands, 568 

mucous membrane, 568 
Cliambers of eye, 629 
anterior, 602 
posterior, 602 

Chcmotaclic influences in 
growth of ncuroblast.s, 218 
Chief cells of hypophysis, 
299 

Choledocho-duodcnal junc- 
tion, 436 

Cliondrocytes, 117, 118 
Chondroid tissue, varieties, 
122 

Chondroitic acid, 119 
Chondroniucoid, 119 
Choriocapillary layer of eye, 
606 

Cborioid membrane of eye, 
601, 606 

capillary layer, 606 
glassy membrane 
(Bruch’s), 607, 608 
vessel layer, 606 
plexus, 225 
Cborion, 570 
frondosum, 571 
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Cavity, oral, 351. See also 
Oral cavity. 
pulp, of tooth, 373 
tympanic, 637 
vitreal, 602 
Cecum cupulare, 647 
vestibulare, 617 
Cel[(s), A, of islets of Lan- 
gerhans, 4-16 

acidophil, of hypophysis, 
299 

acinar, of pancreas, 442 
adventitial, 62, 96 
albuminous, of oral glands, 
358, 360 

alpha, of hypophysis, 299 
of islets of Langerhans, 
416 

alveolar, 468 

argentafline, of appendix, 
407 

of gastric glands, 391 
of small intestine, 401, 
402 

as unit for structural anal- 
ysis, 1 
axis, 31 

B, of islets of Langerhans, 
446, 450 

basal, of olfactory epithe- 
lium, 451 
of oral glands, 362 
basket, 291 
of oral glands, 362 
basophil, of hypophysis, 
299, 301 

beta, of hypophysis, 299, 
301 

of islets of Langerhans, 
416 

bipolar, of retina, 619 
blood, primitive, 100 
body, 3 

chief, of gastric glands, 
392 

Boettcher’s, 650 
bone, 125 

border, of Corti’s organ, 
653 

brush border, 488 

C, of islets of Langerhans, 
446 

capsular, of peripheral 
ganglia, 205 

carbohydrates in, 11, 15 
cardiac muscle, 173 
cartilage, 117 
center, 11 

centro-acinous, of pan- 
creas, 418 

chief, of hypophysis, 299 
cliroraafRn, 253 

of adrenals, 313, 314 
of paraganglia, 316 


Cell (s), chromopfail, of hypo- 
physis, 298 

chromophobe, of hypo- 
physis, 298, 299 
ciliated, 35 
Claudius’, 650 
colloid, 301 
columnar, 29 

of small intestine, 401 
cone, of retina, 618 
crystals in, 13 
cuboidal, 29 
cytoplasm, 3, 9 
cytoskelelon of, 15, 16 
D, of islets of Langerhans, 
446 

dead, study of, 4 
Deiters’, 653 

division, 11, 18. See also 
AtUosis. 

dust, of lungs, 96, 470, 479 
endothelial, 31, 230 
enzymes, 16 

eosinophil, in loose con- 
nective tissue, 63 
ependymal, 205 
epithelial, shape, 29. See 
also Epilheltal cells, 
fat in, 11 

in loose connective tis- 
sue, 63 

in myeloid tissue, 86 
masked or bound, 11 
fibrils, 11 

fixed, undiCTerentiated, po- 
tencies of, 113 
follicular, 5 14 
lutein, 552 

free, new formation from 
fixed cells, 94 
of lymphatic tissue, 79 
of myeloid tissue, 87 
newforination from 
fixed cells, 94 
of serous exudate, 69 
functions, special, 16 
ganglion, of retina, 620 
germ, of testis, 507 
glandular, of sweat glands, 
3t4 

glycogen in, Jl, 15 
gohlet, 289 

of small intestine, 401 
growth and rciTroduction, 
16 

hair, of acoustic maculae, 
612 

of Corti’s organ, 654 
heart failure, 470 
Hensen’s, 653-651 
horizontal, of retina, 619 
Ilorlega's, 208 
inclusions, 9, 11 


Cell(s), interfoUicular, of 
thyroid, 305 

interstitial. See InlerslUial 
cells. 

juxtaglomerular, 487, 496 
Kupffer, 96, 423 
Langerhans’, in cornea, 6 10 
of epidermis, 333 
Langhans, 576 
lining, 79 

undifferentiated, of he- 
patic sinusoids, 423 
littoral, 79, 86 
liver, 425 

living, direct observation, 
3 

lutein, granulosa, 552 
theca, 552-553 
lymphatic, 78 
lymphoid stem, of lym- 
phatic and myeloid 
tissues, potencies of 
development, 107 
wandering, in loose con- 
nective tissue, 61 
mast, in loose connective 
tissue, 62 
membranes, 8 
mesenchymal, undifferen- 
tiated, in loose connec- 
tive tissue, 61 
methods of study, 1 
microglia, 206, 208 
microsomes in, 14 
mitochondria in, 10, 17 
mononuclear exudate, in 
inflammation. 111 
muco-albuminous, of oral 
glands, 361 

mucoserous, of oral glands, 
361 

mucous, 289 

neck, of gastric glands, 
393 

of oral glands, 358, 359 
multipolar, of intestinal 
nerves, 412 
myo-epithelial, 291 

of mammary gland, 591 
of oral glands, 362 
of sweat glands, 311 
myogenous, of cardiac 
muscle, 176 

nerve, 180. See also iVru- 
rons. 

neuroglia, 205 
nucleic acids in, 17 

ribonucleic (yeast nu- 
cleic), 17 

thymonucleic (dcsox- 
yrihonucleic), 17 
nucleus, 8 
olfactory, 45 1 
oligodcndroglia, 208 
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Conncctue tissue, fibro- 
blasts, 59 

filiroiis iiiciiibrniii's, 72 
genetic iiiterrelalion- 
ships nnd poteneies of 
its c«“Ils and other 
cells, 110 

in infiniiiiuiition, 111 
intercelliila.' substnnec 
of, to, 5fi 

interstitial, of kidiieN, 
192 

of sali\ ary glands, ‘.IGd 
Inniellated, 72 
loose, 56 

nniorpbniis groiiixl 
hubstniice, so 
ccllnlar elements, 5H 
collagenous fdKTs, 57 
constitution, 67 
clastic libers, 50 
embrjonic develop- 
ntcnl, 10 1 
eosinophil cells, 63 
fnl cells, 63 
fibroblasts (fibro- 
cytes, dcsiiKwytes), 

59 

fixed tiincrophages 
(lilstiocytes) in, 61 
functions, 65 
intercellular sub- 
stance. 56 

lyntpboid wandering 
cells. 61 
mast cells, 62 
of serous ntenibrancs, 
67 

pigment cells, 63 
plasma cells, 62 
role in inflatimiation, 
66 

in tumor format ion, 
67 

undifferentiated 
( mesenchym aJ) 
cells, 61 
mucous, 72 
nerve endings in, 203 
of capillniies, 231 
of cardiac muscle, 17 1 
of gallbladder, 131 
of iris, origin, 633 
of liver, 127 
of nervous system. 223 
of peripheral nerves, 19 1 
of smooth muscle, 159 
of striated muscle, 165 
of tendons, 70-71 
pigment, 75 
regular, 70 
reticular, 73 
sheath of Key and Rel- 
21US, 196 


Conms'livi* tis.siie, 1 %|m*s, 
10 

with s|iecinl pro|ierlies. 

Conservative fiini-lioiis of 
kidneys. 19} 

Constitiilioii, loosi* ooiuiee- 
tivr tissue and, 67 
Conslriclionof Hnnvier, 190, 
192 

Contractile points in muscle, 

Contriiclioii of tntiseles, 
iiH'i'Iinnistn of, 177 
morphoingieiil changes 
during, 176 

partiri(i.ili(m of nerves, 
177 

Conus arteriosus, 250 
Convergence of nervous j*n- 
piilscs. 213 

ConvohitiHl M'lniiiiferoiis tii- 
l.ulcs, 50.5-506 
Convolution, distal, of kid> 
ney Itilmie, 190 
proximal, of kidney tu- 
bule, 107 
functions. 195 
Cords, llillrolh, 273 
luotlullary, 585-506 
of lymph nodes, 26} 

Rox, 58 } 

sp«‘rninlic, 506, 527 
bpituii Si'c Kipittol cord. 
vpienic, 273 

iimhilicnl, Wharton’s Jelly 
of, 72 
vocal, 158 
Corium See Derma. 

Cornea, 600, 602, 603 

Dowiiiaii's iMciiihrane. 60 } 
epithelium, 601 
histogenesis, 633 
limbus (edge), 605 
selerocorneal junction, 603 
{.ubstanlia propria, 60} 
transparency, 606 
Cornifiejilion, 37, 332, 338 
Corona of ciliary body, 607 
radiata, 518 
Coronary arteries, 251 
Corpora arcnacea, 323 
cavernosa penis, 535 
lutea atrctica, 556 
Corpus albicans, 55 1 
cavernosum uretiirac, 535 
lutcuin, 551 

of nienstniation, 552 
of pregnancy, 552 
spongiosum of female ure- 
tlira, 501 
of penis, 537 
uteri, 561 


Gorpiisclefs), ba'al, 35 
blood. See Iirylhrocyles 
and I..rukocyles. 
bridgi', 36 
colorless, J3 
geiiilal, 203 
Golgi-Sla/zoni, 203 
meconium, llO, 418 
iMeissner'.s, 203 
Alerkel’s. 202 
P.iccliioiiian, 227 
renid (of Malpighi), 485 
salivary, 368 
Valcr-Facmi, 203 
Correlators, 100 
Cortex of adrenal gland, 310 
function, 315 
of kidney, 182 
of lymph nodes, 261 
of thymus, 318 
Corli's organ, 611, 650 
border cells, 6>3 
cuticiilnr plate, 652 
Dciters’ cell*, 633 
hair cells, 65} 

Ilensen's body, 651 
cells, 653-63 } 
stripe, 651 
histogenesis, 660 
nerve endings, 635 
Nuer» spaces, 653 
phalangeal cells, 652 
inner, 652 
outer, 653 
pillars or rods, 630 
inner, 6S2 
outer, 632 

reticular membrane, 650 
terminal frame, 653 
Retzius' body, 65} 
supporting cells, 650 
tectorial membrane, 63 1 
tunnel, 650 
outer, 653 

Cortical gray matter, elec- 
tric activity, 215 
substance of hair, 338 
of lymph nodes, 261 
Corticosterone, 315 
Cover dentin, 375 
Covering layer, tympanic, 
619 

vestibular, 619 
Cowper’s glands, 531 
Cranial autonomic nervous 
system, 205 

nerves, functional com- 
ponents, 196 

parasympathetic nervous 
system, 205 

Craniosacral nervous sys- 
tem, 203 

Craniospinal ganglion cells, 
189 
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Chorion, iacve, 57i 
Chorionic plale, 574 
viUI, 572 

Ghroniaflin cells 253 
of adrenals 313, 314 
of paraganglia, 316 
reaction, 313, 314 
system, 316 
Chromatin gmnules, 9 
Chromatoid lyodies, 513 
Chroniatolysi'', 181, 220 
CUromatophores, 13 
dermal, 63, 333, 331 
Chromomere, 53 
Cliroinophil cells of hypo- 
physis, 298 
granules, 18 1 
substance, 13 

of albuminous oral 
glands, 360 
of nerve cell, 1B3, 219 
Chromophobe colls of Ijy- 
pophjsis, 298. 299 
Chromosln, 18 
Chromosomes, 18 
bivalent, 511 
dyads, 512, SSO 
giant, in Drosophila, 21, 
22 

licredity and, 20-21 
iietero-, 510 

in iiialuration divi'^Ions of 
ovocytes, SSO 
in mature Bpernua, S17 
in meiotic divNion of 
spermatocytes, 511-513 
in spermatogonia! iiiUoses, 
510 

8>naptio mates, 513 
tetrads, 511, 550 
X, Y, and X-V, 510, 512 
Chyle, 412, 416 
Chyme, 389 
Cdia, 29, 35 
of larynx, 157 
Ciliary bod). 601, 607 
retinal part, 608 
vascular la>er, 608 
crown, 607 

inner litniting meinbrane, 
610 

margin of iris, 610 
moveraent, 33 
muscle, 607 
nerves, 629 
portion of retina, 601 
process(>3, 607 
ring, 607 

zonule, 626 

anterior shed. 627 
posterior shed, 627 
Ciliated cells of epithelium, 
3$ 


Circulation in arteries, 
nerv'es regulating, 240 
in Bplcon, theories, 280, 
281 

of blood, 230, 216 
Circumferential lanieliae of 
bone, 132, MO 
Circunilental space, 602 
CIrcunijmIpar dentin, 375 
Cireumvallate papillae of 
tongue, 3SS 

Cisterna cercbellomeduUarU, 
226 

magna, 226 

Cisterns of subarachnoid 
spjice, 226 

Clasmalocytcs, 62, 96 
Claudius' cells, 650 
Clear layer of epidermis, 
330, 331 

Clefts of Scbmidl-Lanter- 
mann, 192 
ClitorLs, 579 

Closet's Cnnal of vitreous 
body, 629 

Closure of epipUyfcs, Ml 
Clotting of blood, 51 
Club endings of neuron. 211 
Coagulation of blood, 51 
Coaled tongue, 355 
Coccygeal body, 246 
Cochlea, 611, 617 
axis, 6tS 
bony, 639 
function, 659 
Coclilcal’ artery, 656 
canal, membranous, 616 
Osseous, 616 
duct, epiiiiclitmt, 619 
nerves, 656 
Co-cnzynics, 16 
Coiled arteries in endo- 
metrium, S6S 
Collagen foritiatlon, 103 
in bone. 128 
in cartilage, 119 
Collagenous bundles in ten- 
dons, 71 
libers, 57 
ori^n, 105 
fibrils, 119, 122 
Collar, bone, i»etioateal, 141 
Collecting iubuics of kidney, 
190 

V cin of liver, 122 
Colhctilussemmalis, 499, 528 
CallaUf cells, 301 
in thyroid gland. 303 
Colon Sec IrUealme, ht^e. 
Color of hair, 338 
of skin, 333 
sensations in eye. 621 
Colostrum, 593, 59B 
bodies, 598 


Columnar cells, 29 

of small xntestine. iOl 
epithelium, pseudostrati- 
fied, 31, 32 
ciliated, 31, 32 
simple, 30, 31 
ciliated, 30, 31 
slrolified, 30, 32 
ciliated. 30, 32 
Columns, rectal {of 2vIor- 
gagni), 410 
renal (of Bertin), 482 
Common bile duct, 431 
macula, 659 

Communicating branches of 
nervous system, 203, 201 
Compact l)one, 121, 329 
structure, 132 

Components of cranial 
nerves, 196 
Coniprcssorium, 2 
Conariuiu, 322 
Concha of ear, 636 
of nose, 453 

Concretions, proslatic, S3 1 
Conducting arteries, 235 
Conduction, nervous, 189 
ftntidremic, 193 
in synapse, 209, 213- 
215 

Conducllvily of nerve fibers, 

m, 193 

Cone(6), 618, 623. 621-625 
cells of retina, 618 

iistribution, 619. 

621-625 
fiber, 618 
growth, 216 
pedicle, 618 
VMCular, of testis, 521 
Conjunctiva, 630-631, 632 
bulbar, 631 
lamhm propria, 631 
mobile, 631 
palpebral, 631 
Connecting fibers of fenestra 
choiedoeba, 437 
Connective tissue, 56 
adipose, 61, 75 
adventitial, of vagina. 

577 

blood and, cell inter- 
relationsiiip, 10, 110 
bone formation from, 
125, 131. 115^ 
Spontaneous 117 
cla‘«iUcatian, 56 
dense, 70 
elastic, 73 
embryonic, 27 
development, 99 
origin, 100 
fat, 61, 75 
filters, origin, 105 
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Diicl(s), Incriiiml, 633 
lactiferous 591 
Luscliku’s, 135 
l)iuplmtic, riKlit, 259 
iiiaiuinogenic, growth 
factor, 599 
MulIorV, 5fi3 
imsolacriuml, 633 
pancreatic, 117 
IlapiIIa^^, renal (of llel- 
llni), 190 
SuntoriniV, 1 17 
thoracic, 259 
thjroglossal, 306 
ulrictilosnccular, 610 
Wirsiing's, 1 17 
583 

BucluH nl)crrnnlcs, 526 
eirerenles, 521 
DiiclU’«, cochloaris, 616 
deferens 506, 527 
epidid>niidi'«, 525 
rcuniens 611 
Duodenal glands -106 
Duodenum, 399 
Dura iiialor, 223 
Dutt cells of lung<, 96, 170, 

179 

Dyads, chromosome, 512, 
550 

Dye lest for macrophages, 97 
%ital, storing, 97 
Dyskinesia, biliary, -138 

Etn. 636 
auricle, 636 
eustncliian tube, 638 
external, 636 
histogenesis, 659 
histopbysiology, 659 
inner, 639. See also Laly- 
rinlh. 

meatus, external, 636 
middle, 637 

histogenesis, 659 
Ossicles, 638 
tympanic caxity, 637 
membrane, 636 
vcstibulum, function, 659 
\ Ebner’s glands, 335-357, 
361 

orthoneurons, 655 
spironeurons, 655 
Ectoderm, 27, 28 
Ectopic gastric epithelium, 
389 

myelopoiesls, 112 
ossification, 13 1, 1-17 
testes, 521 
Ectoplasm, 122 
Effector organs, peripheral, 

180 

Effectors of ner>e endings, 
19T 


Khrlirli-Ifeinr granules, 43 
l-ijaeiilntion, SIO 
Ejacuhilnry duct, 528 
Elachi, 211 
Eloslfc mrlllngc, 121 
filicrH of Imnc, 133 
of loose connective tis- 
ane, 58 
origin, 107 

aiiiooth iiiiLscte nnd, 160 
inenibrnne of arteries, 233 
of iiuisctilnr tyjH* arter- 
ies, 237 
tissue, 73 

ty|>e of iirlery, 233, 238 
Elastin, 58, 73 
Eh-tlrio exeilolioii of ner%es, 
193 

itmnifesinllons of brain, 

215 

polenlial of nerves, 193 
Electron micrographs of 
iiiusciv, 163 

Emliollsm. lK)ne marrow, 96 
Embryonic connective Us- 
auc, 27 
origin, 100 

development In early 
pregnancy, 570 
of blood and connective 
lissvic, 99 

cndolhellal cells, blood 
cells and, 10 
germ layers, 27 
gonads, devclopnienl, 583 
hemocytoblasts, 100 

Enamel, 373, 376 
histogenesis, 379 
knot. 379 
lamellae, 377 
membranes, 377 
organ, 379 
pidp, 380 
hetziiis' lines 377 
rods, 376 

Sclireger’s liuesi, 377 
spindles, 377 
tufts, 377 

Endcfgonic processes, 16 
Endocardium, 246 
histogenesis. 255 
Endochondral ossification, 
125, 134. 137 

Endocrine functions of li\-er, 
430 

of pancreas, 4 19 
of testis. 523 
glands, 288. 293, 297 
functions, 295 
secretions, 291 
Endolyniph, 639 
Endolymphatic duct, 610 
sac, 611 
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Endometrial cycle, phases, 
565 

identification, 568 
Eiidornetrhim, 563 
Mood supply, 565 
in early pregnancy, 568 
Eiidomysium, 166 
Endoneural sheath of Key 
and Rctrius, 196 
Eiidoncurium, 195 
Endosteum, 125, 133-134 
Endothelial cells, 31, 230 
embryonic, blood cells 
and, 10 

origin of monocyte, 108 
Endothelium, 38, 78 
nrterial, 231 
capillary, 230 
genetic intcrrelationsliips 
and jwtencics of its cells 
and other cells, 110 
in inilntiimotion. Ill 
phagocytosis by, 23 1 
vascular, in embryonic 
hemopoiesis, 101 
linergy-producing oxidative 
reactions, 16 

•using synlbclic processes, 
16 

Enteric plexuses, 412—114 
Enterokinasc, 115 
Entoderm, 27, 28 
Enzymc(s), 16 
intestinal, 414 
paocrcalic, 451 
proteolytic, catliepsin, in 
thyroid colloid, 307 
Eosinophil cells in loose con- 
nective tissue, 63 
granular leukocytes, 46, 48 
myelocytes, 91 
Eosinophilia, local, 63 
Ependyma, 205 
Ependymal cells, 205 
Epicardium, 248 
histogenesis, 255 
Epidermal mclanohlasts, 63 
Epidermis, 328 
basement membrane, 333 
liistogenesis, 347 
Langerhans’ cells, 333 
layers, 330 
of body, 332 
of palms and soles, 329 
Epididymis, 506-507, 525 
appendix, 526 
Epiglottis, 457 
Epilenimal sensory nerve 
endings, 200 
Epimysiuni, 165-166 
Epinephrine, 314 
secretion, emergency 
theory, 315 
excretory theory, 315 
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Crenation, 42 

Crescent-shaped erythro 
cytes, 43 

Crests, neural, 215 
Cristae anipullares, 641, 
612-643 

histogenesis, 659 
Crown, ciliary, 607 
tooth, 373 
Crus commune, 640 
Cryptorchidism, 521, 523 
spermatogenesis in, 521 
Crypts, Lieberkuhn’s, 400, 
402 

of alimentary mucous 
membrane, 350 
of iris, 610 

of palatine tonsils, 357 
of tongue, 357 
Crystalline lens of eye, 602 
Crystalloid bodies of inter- 
stitial cells of testis, 
522-523 

of spermatogonia, 510 
Crystals in cells, 13 
spermia, of Bottcher, 5 11 
Cubbidal cells, 29 
epltlielium, simple, 30, 31 
Culture, tissue, 3 

genetic interrelation- 
ships of cells in, 111- 
112 

Cumulus oophorus, 5 IS 
Cupula, 614 
histogenesis, 659 
Culicle{$), 36 
hair, 336-337, 338 
of internal root gheath of 
hair, 338 

Cuticular plate of outer pil- 
lars of Corti’s organ, 652 
Cycle, endometrial, phases, 
565 

menstrual, 564 
Cystic duct, 431 
kidney, 503 

Cysts, intra-epithelial, of 
ureter and bladder, 
497 

of urethra, 499 
Cytoarchiteclure, 16 
Cytochrome in striated mus- 
cle filjers, 162 
Cytogenous glands, 289 
Cytoplasm, 3, 9 
Cytoskeleton of cells, 15, 16 
Cytolrophoblast, 570 

D CELLS of islets of Langer- 
bans, 446 

Decalcification of hone, 139 
parathyroid influence in, 
310 


Decidua basalis, 574 
capsularis, 574 
vera, 574 

Deciduous teeth, 373 
Defense activities of macro- 
phages, 97 

Definition of histok^y, 1 
Definitive hone marrow cav- 
ity, 145 

erytitfocyles, 99 
granulocytes, 99 
megakaryocytes, 99 
sex cells, origin, 587 
Degenerating leukocytes, 50 
Degeneration of nervous tis- 
sue, 219 
trauotatic, 221 
retrograde cell, 220 
secondary, of nerve fiber, 
222 

Wallerian, of nerve fiber, 
222 

Dehydrogenase, 16 
Deilers’ cells, 653 
Demilunes of Cianuzzi, 362 
Dendrites, 181, 185 
distinguished from axon, 
186 

Dental lanuna, 379 
pulp, 374, 378 
sac, 379 

Dentin, 373, 374 
calcification, 375 
circumpulpar, 375 
cover, 375 

distinguished from bone, 
376 

fibrUs, 375 
histogenesis, 380 
interglobular spaces, 375 
Neumann’s sheath, 375 
odontoblasts, 375 
Owen’s lines, 375 
secondary, 376 
Tomes’ fibers, 375 
* granular layer, 375 
tubules, 374 

Dentino-eoamel junction, 
377 

Derma, 328, 334 
histogenesis, 347 
papillary layer, 334 
pigment, 334 
reticular layer, 334 
Dermal chromatopliores, 63, 
333, 331 

melanohlasls, 63, 334 
Descemet’s membrane, 603 
Desraocytes, 59 
Desmosome, 36 
Desoxycorticosterone, 315 
DesoTyriboRiicleicacid, 9, 27 
Desquamation of intestinal 
cpitlielium in feces, 101 


Destruction of blood tor- 
puscles, 98 
Diabetes, 449 
insipidus, hypophyseal re- 
lations, 303 
Diakinesis, 18 

Diaphysis of long bones, 124 
Diarthrosos, 153 
Dictyosomes, 511-512 
Diestrus, 579 

Digestive system, general 
remarks, 350. See also Ali- 
FTKnlary Iracl. 

Dilator of pupil, 611 
Diodrast clearance in kid- 
ney, 495 

Dioptric media, 602 
Diploe, 124, 145 
Diplosome, 11 
Diplolene stage of spermaio- 
cytogenesis, 511 
Discus proligerus, 546 
Disks, AfQ), I (J), M, N, Z, 
163, 164 

role of, during nmscular 
contraction, 177 
anisotropic, of myofibrils, 
163 

Hensen’s, 163 
intercalated, of cardiac 
muscle, 172 

intermediate, of myofi- 
brils, 163 

isotropic, of myofibril*, 
163 

of striated muscle myo- 
fibrils, 162, 163 
Distal convolution of kidney 
tubule, 490 

Distributing arteries, 235 
Division, cell. See Afilosis. 
Dopa reaction of dermal 
chromatophores, 334 
of melanoblasts, 333 
Dorsal pancreas, 419 
Drosophila, giant chromo- 
somes of, 21, 22 
Dualistic theory of hemo- 
poiesis, 107 
DuCt(s), alveolar, 463 
of lungs, 460 
of mammary gland, 591 
bile, 431 

cochlear, epithelium, 619 
ejaculatory, 528 
eiidolymphatic, 640 
excretory, of kidney, 490 
of multicellular glands, 
291 

of oral glands, 359, 362 
of testis, 52 1 
Gartner’s, 542 
intercalated, of oral 
glands, 359 
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E-^crctoty tlucl'4 of or«l 
piamU, 3^9, 3<\2 
of it'siK 52 1 

of IwJihiay, 19<> 
H-Vof^onic reactions, 16 
Ii«:oeo<'lQi«, 57 1 
Exocrine glands 203, 292 
eomiwund. 293 
ncinoiH, 293 
iwhular, 293 
{«l)iiIo-nrinous, 293 
jiimple, 292 
acinous, 293 
licnnclu'cl, 293 
tubular, 292 
bmicljftl, 293 
coibni. 292-293 
lisophtbalnuc pnixer, Uiy- 
roid gland in, 307 
Expansions of uervo adls, 
18> 

ExpianlHtion, 3 
Exlcriml ear, 636 
fibrIU of ainooth imiscle, 
138 

tt'cretioti, plansU of, 28fl, 
29J 

ExtcroceptiNe wn-'or^ 
tc{H, 180 

Extracts of hypopbyiW, 
pharinncod) nnnnc no- 
tions of, 302 
pafalhjroid, 310 
Ex(raljt*p.iticline duets, 131, 
432 

Exlrarnedullarj iiijrlopon'- 
8»s 112 

Extraneous cells in epitbe- 
huin, 37 

Extrinsic factor in crytliro- 
poictiis, 96 

muscles of larynx, {37 
Extrusion of nornioblasi nn- 
cle\is, 91 

Exudate cells, njononudear, 
in infinnmmUon, 111 
serouh, 68 
free cells, 69 
Eye, GOO 

accessory organs. 630 
aqueous humor, 602, 629 
Witid spot, 611 
blood xessels. 629 
chambers, 629 
anterior, 602 
posterior, 602 
chorioidca, 601, 606 See 
Chorioid membrane 
ciliary body, 601, 607 
color sensations, 62t 
cornea, 600, 603. See also 
Cornea 

dioptric media, 602 


b^ye. nbraus tunic, 600, 603 
fsK uslng, 621, 627 
functusn, 621 
liistogi-nesis. 633 
iris, 603, 610. Six* «!%« Ins, 
InnilriuirbH, 61)2 
lens, 602. 625. Six? nl«o 
I„tns oj eye, 
lyinpi) ?*paci*x, 629 

jm'asurenipnls, 602 

nerxps, 629 
optic oxis, 600, 603 
pupil, ^*01 

rrfrnetix e media. 625 
rvtin.\, COO, 633. Sen also 
IMintt 

fcclern, 600. 603 
sclerocornenl junctiuH, 605 
siructim*. 600 
X oscular tunic, 600. 606 
xilfwil c.-svity. 602 
xilti-oiis JkhIj, 627 
hiitiior. 602 

EycbAll. 600, 602. 633. 635 
sUujK*, 603 
Vlyelaslves. C3l 
KyelUUs). 631 
Moml nnil lyiuph xi'sstds. 
633 

third. 632 


FxfcU/Mss tube, 5.10 
rusciH, |>a(pcLrnl. 631 
Fa-vicull lon^ltidinnles, |37 
f'oscuulus opticus, 629 
Fnt(s>. absorption by jnlrs- 
tines, (16 
liound, II 

Cells lO loosa connective 
tissue, 63 

In myclmil tissue, 86 
in cell, U 
in Jiver. 131 
ni.islied. 11 
tissue, 61. 75 
brown, 61, 75 
siibciilaneous, 328. 335 
Fatly lione marrow, 85 
substances in nerve cells, 
185 

Fauces, 367 

Feces, desquamated intes- 
tinal epitlielium in, -lOl 
Feet, terminal, of neuron, 
211 

Female genital system, Sf2 
urethra, 500 

Fenestra ciioledocha, (37 
ovalis, 638 
rotunda, 638 
tyinpanica, 638 
vcstdiuli, 638 


Frncstrntcd mcmlwftne. 73 
of arteries, 237, 238 
Ferrejn’s niDiluliJiry rays of 
Kidney, 182 

Fibers, ncousjic nerve, 655 
iirpjrojthil, 73 

of MiiallititeslinD, 101 
bavil.ir, 619 
cardiiit muscle, 171 
collagenous, 57 
origin, 105 
cone, 618 

connecting, of fenestra 
cholcdoclui, }37 
clastic, of bone, 133 
of loo-<e eonupcUve tis- 
sue, 58 
origin. 107 

smooth muscle and, 160 
fibroglin, 60 

impulse-conducting, of 
heart, 171 
KorlTV, 301 
lens, 6J5 

nerve, IRI. 189 Seo nEo 
AVrir /iherj. 
neuroglial, 206 
optic nerve, in retinn, ar- 
rangement and course, 
620-621 
origin, 105 

o-iteocoUsgenous, of i>one, 
126 

pcrfoTtivIng, 132 
pilemvotot, 281 
ptTstpanglionic, 201, 263 
precollagenous, 7 1 
pfegangHonio, 20 1, 205 
Purkinje, 174. 250, 231 
radial, of Tvluller, 622 
reinforcing, of fenestra 
cboleiJociia, 437 
lleinah's, 193 
rClictilar, of capillaries, 
231 

of liver, 428 
of lymph nodes, 26.3 
of lymphatic tissue, 78 
of spJfton, 270, 273 
rod. 617 

Shnrppj’s, 132,377 
smooth nmscie, 157 
spiral, of CoclVs organ, 
635 

striated muscle, 161 

union with one an- 
other to form uras- 
cles, 165 

sudoriferous, 294 

Tomes’, 375 
vasomotor, 201 
Fibrils, 11 

ctdlagenous, 119, 122 
dentinal, 375 
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Hpineuriura, 195 
Kpipb^seal cacUlage plate, 
12-1 

EptpU>ses, closure, 111 
Epipliysis cerebri, 322 
of Jong bones, 12 1 
EpjtheHa! attachment of 
Gottlieb, 379 
cells, alveolar uucleated, 
470 

arrangenjent in sheets, 
29 

bcu«,U l}or<ier of, 29, 35 
central flageJfa of, 35 
cilia of, 29 

connections betvpeen, 36 
eiiticlea of, 36 
extraneous, 37 
follicular, Ss2 
free surface, structural, 
peculinritiM of, 3 1 
Inner structure, 33 
polarity, 31 
sliflpe. 29 

speciaiiialion of auper- 
JJcial protoplasm, 35 
sirJaled l>otder, 33 
tonoRhriU in, 3 1 
germ layers, 27 
glands, 288 
TntdticcIhUar, 288, 239 
classification, 292 
unicellular, 28S, 289 
sbefltli of Ffertwig, .382 
ftheeU, arrangemenl of 
cells in, 29 

connections between 
cells, 36 
secretory, 288 
surface, secretory, 289 
tissue, 26 Sec also Epithe^ 
hum 

Kpifhetiuni, 26 
alveolar, 470 
ami metabolism, 26 
srrungcnieni of cells in, 29 
basement membrane, 28 
itlooil vessels underljinj^, 

37 

cells. See Epithelial tells. 
ciliated, 29, 35 
columnar, pseudoslrali- 
fied, 31. 32 
cjJiatecl. 31, 32 
ajmpte, SO, 31 
Ciliated. 30, 31 
stratified, 30, 32 
cniateU, 30, 32 
corneal, 60 1 

coverin?;, 2" 
cuboidal, simple, 30, 31 
ectopic gastcic. 389 
intestinal, in stomach, 
393 


Epithelium, esophageal, 385 
Justogcrte^s, 389 
fcdliculv, of thyroid, 301 
8»5llic, 391 
germinal, 583 
of ovary, 542 
glandular, 27 
ca\-ity in. 290 
intercclitilar bridges in, 36 
mlestinal, 400 
changes in, during ab- 
sorption. 416 
mesenchymal, 31, SB, 39, 
353 

metaplasia, 33 
nasal. 453 

nerve endings lo, 201 
sen.'ory, 201 
of cochlear duct, 619 
of galtWaddcr, -133 
of slrialed tubules of oral 
gdands, 362 
olfactory, 453, 456 
papulae, 37 
pigment, of icU, 613 • 

of retina, 616 
tegcncrotlon, 37 
respiratory, of larynx, 457 
of nose, 453 
of pharynx, 371 
of soft palate, 353 
of Iracltea, 458 
seminiferous, 507 
simple, 29 

squamous, simple, 30, 31 
straliCcd, 30, 31 
stratified, 30 
surface, of stomach, 39l 
(crminnl bars, 37 
transiiionol, 30-31, 33 
of urinary passages, 497 
types, 29 
vaginal, 578 
Eponyxhium, 3 10 
Bpoopboron, 5 12 
Equator of eye, 602 
Equatorial ptate, 19 
Eivctftc lis(50«» of penis, 537 
Erection mechanUtain penis, 
539 

Erepsm, tIS 

Erosions, idiywidopiG, of por« 
tio voginaits, 568 
ErythroWaste, 87, 89 
basopltjS, 89 

citramedullary origin, il2 
paljubroiUAUc, 13 
polycliromatophii, 89 
primitivie, 100 
Eryllirocytcs, II 
abnormal forms, 43 
ncidopJiil nature, 43 
ngglntinatibi), I3 
Bfiisoeytosis, t3 


Erythrocytes, basophil grani 
laled, 43 
Cabot’s rings, 45 
color, 41 
crenation, 42 
crescent-shaped, 43 
definitive, 99 
deatruction, 98 
ill &})leeu, 282 
Ehrlich- Heinz granules, 4^ 
function, 43 
hemolysis of, 42 
llo-Wfll-Joliy bodies, 45 
hyperchromic, 43 
hypociifoitdc, 43 
macrocytes in, 43 
microcytes in, 43 
numlier, 41 
permanent, 99 
physical properties, 41, 12 
poikilocytosis, 43 
poJychrOfiiatic, 43 
primitive, 99 , 100 
reticulated substance, 43 
roiiJcaut, 42 
shupt-s, •{}, 42 
sichle-shaped, 43 
size, 41 
sludges, 43 
specific gravity, 41 
stippled, 43 
storage in spleen, 283 
Erythrolytio function of 
spleen, 282 

Erythrophagocytosis in 
{ytivpU nodes, 267 
Er^hfopoiesjs, 67 
anti-anemic factor, 95, 430 
Esopiiagus, 385 
glands. 387 
cardiac, 388 
mucous, 387 
htstogene«.w, 389 
lamina propria, 389 
muscularis e:rlcrna, 387 
iiiucoiae, 3B7 
subniacoHs laj'cr, 387 
tunica adventitia, 387 
Esterases, 16 
Estrin, 579, 581 
in corpus luteuin, 581-582 
Estrogens, hone forinatioo 
and, 151 
Estrone, 581 
Estrus, St9, 5S1 

cycle, relation of, £o men- 
gtrual cyvlo, 581 
vn^^nnt clinnges in, 579 
Eustachian tube, 638 
Everetuw! by glands, 288 

Excretory ducts of kitincy, 
490 

of inuiticcJlular gliuub, 
291 
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(llnndb). aflr«'n»\, Svu 
Adrcaal <{Uif\ds. 
nUidmiriods, oforalcmit), 
361 

ishi'olar, comjKmnd, 293 
simple, 293 

ajwcrine, nxilljir\. 31 1, 
3J3 

•^'crd'ion, 239 
arwlar, of Mosilgomvri, 
592*593 

nmiliary, of h'slN. 523 
Bartliorm'f*, 580 
UtROvlitt’s, 

Bowman’s, 155—156 
Bfunnfr's. 106 
socrolion of, 11 1 
bwcHf. 363. 366 
huHjo-iirctlirul, 531 
vanJiac, of 333 

of stotuncB, 395 
connwoo'pfoiiycuj}:, of os- 
torruil midiiorj nioiihis, 
315 

crnjmino<N, 636 
ccc^{cal, 56& 
clo>^<J, 288 
cotu{>o»jm}, 293 
Cowpor’s, 331 

cytogCT\Qiis, 289 
duodenal. 106 
V. Kliorr's. 355-35:. 361 
ectopic Inlesliniil, In ♦•loin- 
ach, 395 

emlocfiiie, 288, 293. 297 
ftmctlons, 29.5 
ftOcrclionH, 291 
opitlicUul, 283 
nuillicellular. 288, 289 
classjCcatifin, 292 
\iniceBulap, 288. 209 
ewrelion by, 288 
e\ocrjnc, 288, 292 See 
also iixocriae glan/U 
external sccreHon, 288, 
292 

function, 288 

gastric, 389, 391 hw nl^o 
Gastric gkind'i 
glossopalalinc, .561, 365 
gustatory, 361 
hair, 836 
bibcrnaling, Tj 
holocrine secretion, 289 
hypophysis cerebri, 297 
internal secretion, 388, 
293, 297 

interseapular, 61, 75 
interstutal. of o\,iry, 557 
intra-cpithebal. 289 
of testis, 325 
labial, 363, 366 
Ucrinial. 682 
tarsal, 632 


Glamlfa), UclierkuhiiN, 102, 
108 

liitpiai, nnlorior, 361. 366 
jjosterior, 361, J65 
iJUrfi’s, 500 
liver ns 296 

innnnimry, 591, See also 
Ata»uiHtry gtand, 
inondilidlnr* 350. 363. 36 1 
3 i2, 631 

«>cf«HTinp Mtretion, 289 
mived. 296, 365 
.Moll's 3 ir», 631 
MottlRonieryV, 592-593 
imieotis, 289 
of esophagn-s, ,887 
of nose, -t.^S 
of rsvul of tongne, 361, 
366 

iui]lli<*elhiiar. 288, 289 
clrtssifitntiou, 292 
ner'e eiullugH i», 201 
Niihn's 361 

of iiliiDcntary mue<»tm 
tttcfii1>r»n<% 356 
of liTonelki, 462 
of enophnjrtw, 5C7 
of c<lerniil geullalia. fc- 
fjiflle, 579 
of hfttr, 336 
oflnryn'c, 138 
of oral cavity. 358 See 
also Oral fon/v, gUiniJi 
of jMvlatitve tonsils, 369 
of phnrynv, 371 
of Am. 312 

of stomach, 389, 391 Stni 
ntso (iatlrtc gUtiuU 
of tongue, 36 1, 365, 366 
of iwheo I5R 
olfat lory of Bowman, 1”>5~ 
•136 

0}ien, 288 

oral See Oral tamO', 
{;&tnds 

paintiite, 36 1, 366 
INiratby roil!. 368 Si'O aBo 
Paralliyroid gianth 
pacotKt, 35R, 363, 36 1 
piltiitiiry, 305 
prostate, 528, 530 
pjlwic, 39i 

salivary. 358 See also 
Oral cosily, gland;,. 
sehaecODS, 312 
of hair, 336 

bctretion l»y, distinguislied 
fruui excretion, 288 
sex, liislogene!,is, 583 
siiuple, 292 

sublingual. 358, 363, 365 
subniaxihary. 358, 36.1 
sweat, 315 See also Stieot 
glands 


G{and{s), thynius, 316 
thyroid, 303. Scenl^o T/iy- 
TOid gland. 

tubular, couipoiind, 293 
simple, 292 
Tyson's, 537 
iiniccnuiftf, 288, 289 
urethral, 300 
ulcfi'nc, 561, 568 
Glttmlulae veslibulurcs in.i- 
jofcs, 580 
iniijprcs, 579 
Glandular c»\Jly, 290 
crKs di SMOHt glands, 31 V 
Glaus clitoridis, 579 
jwnis, 537 

Glnssllkc cartilage, 117 
Classy niembrmic of abori- 
otdea, 607, 608 

of Graiilian follicle, 517 
of hair, 333 

Gha, 206 

Clissort’s capsule, 127 
Globular leukocy Im of small 
interline, 105 
Globule^, milk, 598 
Glomcrulor filtration, 495 
Glomerulus (Glomeruli) 
nerv e, uoncncopbuloted, 
203 

of kidney, 481, 486 
function, 191 

Glomus, ftrlcrio-\ enousana?- 
ton«>s‘t of, 2 IS 
GlossopaUltnc glgndt, 363, 
363 

Glucose, absorption by in- 
testines, 117 

Glycogen formation in liver, 
130 

in cell, 11, IS 
Goblet cclU, 289 

of siiMiU intestine, 4OI 
Goiter, exopthaJiin'c, thyroid 
gland in, 307 

simple, thyToid gland in, 
307 

Golgi, internal reticular op- 
jvatnUts, 10 

intracellular reticular ap- 
paratus in nerve colls, 
181 

-Matronl corpuscles, 203 
network, 10 

in epithelial cells, 3t 
neurons, tyjic I, 187 
3Iv 187, 188-189 
GonadotTophic hormone in 
ovulation in rabbit, 
582 

of hypophysis, 302 
Gonads, histogenesis, 583 
indifTcrent stage, S83 
Goose flesh, 3 10 
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Fibrils, muscle, II 
nerve, 11 

smooth muscle, 158 
Fibrin, 53,51 
Fibrinogen, 54, 430 
Fibroblasts, 59 

in inflammation. 111 
in tissue cultures, 112 
of synovial membrane, 
151 

Filtrocarlilage, 121 
Fibrocarliloginous callus, 
115 

Fibrocyles, 59 
Fibroglia fibers, 60 
Fibrobynline tissue, 122 
Fibrous astrocyte, 206 
la>er of joint capsule, 153 
membranes in vonnecljve 
tissue, 72 

tunic of eye, 600, 603 
of eyeball, 633 
Flla olfactoria, 434 
Filament, axial, of sperm- 
iura, 517 

Filiform papillae of longue, 
355 

Fillrable viruses, 1 
Fistula, subarachnoirl, 227 
Fixation, artefacts of. 2 
hUtological, 2 
of tissues for study, 5 
point, 603 

Fixatives, different effects, 5 
Fixed cclis, undifferentiated, 
potencies of, 113 
macrophages, 77, 78. See 
also Mafrop/iaff^s, Jized. 
tissues, preparation of, for 
study, 5 

Flagella, central, 35 
Flemming, intermediate 
body of, 20 

Fluid, cerebrospinal, 227 
ventncvilar, sources, 227 
Focusing of eye, 62 1, 627 
Fold(8), aryepiglottic, 437 
gallbladder, 432 
gastric, 389 
intestinal, 399 
mammary, 597 
nail, 3i0 

of synovial membrane, 
155 

semilunar, 632 
Foliate papillae of longue, 
357 

FoUicleCs). aggregated, of 
small inlealine. 403 
Graafian, 517 
rupture, 5 19 

transformation after, 
550 


FoUtdefs), hair, 336 
neck, 336 
structure, 338 
nabothian, 568 
of tongde, 337 
ovarian, S42 
atresia, 554 
growing, 544 
maluro (Graafian), 547 
primary, 5 11, 586 
solitary, of large intestine, 
408 

of small intestine, 405 
-stimulating hormones of 
hypophysis, 302 
thyroid, 303 
Follicular cells, 544 
epithelial, 552 
cpitlieiiuiii, thyroid, 30 4 
phase of endometrial cycle, 
565 

Fontana’s spaces, 613 
Foronien caecum, 353 
Magcndle’s, 226 
Foramina, I.uscbka*8, 226 
nervosa, 6-47 
Fornix of stomach, 389 
Fossa navicularis, 499 
Fovea, central, of retina, 
614, 622 

outer, of retina, 623 
Fovcolae gastricae, 389 
Fractures, Lono repair in, 
145 

Frame, terminal, of reticular 
membrane, 653 
Framework, scleral, 613 
uveal, 613 

Free cells. See under Cells, 
!Macropl4affes, etc. 
macrophages, 77, 78. See 
also Ma<rophaffes,/ree. 
Freezing mctliod of prepar- 
ing fixed li.ssues for study, 
5 See also Alfmann-Gersh 
/r€ezinff~dryinff method of 
fixation of tissue. 

Functions of cell, special, 16 
Pundtc glands of stomach, 
390 

Fundus of stomach, 389, 390 
Fungiform papillae of 
tongue, 355 
Furrows, gastric, 389 
scleral, internal, 605 

GAUxii,sDi>En, 432 
bite storage in, 435 
connective tissue la)’er, 
434 

fuhls, 432 

lleister’a sfural valve, 435 
his’onhjsio-logy, 137, 17R 


Gallbladder, inspissating 
function, 435 
Lusclika’a ducts, 435 
mucous layer, 432 
Rokitansky-Ascboff si- 
nuses, 434 
serosal layer, 433 
smooth muscle layer, 434 
ves-scU and nerves, iSS 
Ganglia, vertebral, 203 
Ganglion cells, craniospinal, 
189 

of retina, 620 

Ganoblasta, 379 
Gartner’s duct, 542 
Gastric epithelium, 391 
folds and furrows, 389 
glands, 389, 391 
argentafCnc cells, 394 
cardiac, 389-390, 395 
fundic, 390 
intermediate, 390 
lenticular, 396 
mucous neck cells, 393 
parietal cells, 392 
pyloric, 390, 391 
secretion, 397 
tyinogenic cells, 392 
juice, 397 
mucus, 397 
pits, 389 

Gelatinou-s bone marrow, 63 
Gennnules of dendrites, 186 
Genetic interrelationships 
and potencies of cells of 
blood and lymph, connec- 
tive tissue and endoibe- 
1mm, 110 

Genital corpuscles, 203 
ridges, 563 
system, female, 542 
correlations, 581 
male, 505 

Genitalia, external, female. 
579 

mole, 535 

Geometrical axis of eye, 602 
Germ(8) cells of testis, 507 
for permanent teeth, 379 
hair, 348 

layers, embryonic, 27 
epithelial, 27 
tooth, 379 
track, 587 

Germinal centers of lym- 
phatic tKsue, 81 
epithelium, 583 
of ovary. 5 42 
Gestation. See Pregnancy. 
Gianuzzi's demilunes 362 
Gigantism, 152, 302 
Gland(s). 288 

m-inous, comjKnind, 293 
rimple, 293 
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iletcrophU Icukoc) trs. 52 
}n mfiauHuaSioJi, 111 
mje!(>c>te% 91 
Hotcro-ak'itic hciiiopoifsH, 

93 

Hctrrolopic ossificnlion, 131 
Hi'leroljpic ii»l(v?is 513 
IHliornating gland, ”5 
Ililus of Kidney, 4111 
of lympli nodes 261 
ofo\ar), 512 
HjHjiocytes, 96 
in loo’Ji conneclise Iwue, 
61 

l»{)o5d, 318 

llUloKcneKK, 22 
Histological fixation, 2, 5 
Histology, derniilion. 1 
Hisloplijsiology of l>onp, 
119 

History of situdj methods, I 
Holocrine weretion, 289, 3 13 
Hoineotjpio dixision, 513 
Homonymous hominnopiii, 
622 

Hornoplastio licinOjwk'sK, 93 
lloruontnl cells of retina, 
619 

Horiiioncfs), 291 
gonadolfophic, in ox illa- 
tion in rahbll, 582 
growth, in Iwne, 152 
of hypophysis, 391, 302 
ecircnocorticotrophic, 

302 

follicle>stimiilating, 302 
gonadotrophic, 302 
growth'promolmg, 302 
lactogenic, 302 
lutciniring, 302 
inammogcmc dtiel, 302 
thyTOtropluc, 302 
of pancreas See Insulin 
of paralhyroul glands, 310 
of testis, 523 
of thyroid gland, 30< 
ox arian, 579, 581 

hypophyseal effect, 302 
parathyroid. Lone and, 
130 

production in spleen, 283 
MX, 302 

steroid, of placenta, S76 
Horny layer of epidermis, 
332 

HorVega's tell-s, 203 

Hoxxell-Jolly bodies, 15 
Howship’s lacunae. 139 
Humor, aqueous, 602, 629 
x'ltreous, 602 

Ilu^chke’s auditory teclli, 
617 


Huxley's laxer of internal 

rtxit slieaili, 339 

iryaiinc IrOilies ifi }iy|H>ph- 
ysjs, 300-301 
cartilage, 117. S«h* alxO 
Carltlai}^, Ayafme. 
Hyaloid (Cloquet’s) canal 
of xitreous liody, 629 
llxaloideocapsulnt ligament, 
627 

llynlmiiere, 33 
Hynhiromtlnse, 58 
in thyroid colloid, 307 
Hydatid, Murgagiii's, 526. 

{leduneulated, 526 
llMlroeliloriu iicitl, secrelion 
of. 397 

UydrolyM'scfttnlyrs’d by on- 

rjmes, 16 

Hymen, ST9 

Uy oixtom Ic ety t htiH'y tx*s, 
13 

UyiM'rparntUyroidism, .310 
lame and, 132 

Hyperplasin, ccMientti(n,l 
377-378 
lymphuul, 83 
HyjM'rtensin, 195 
HyjK'rtcn'in.is*', 195 
IlyjHTtensinngen. t9> 

Hy ix'rten'.ion, renal extracts 
and, 195 

HyjM'rtropiiy of bone, 121 
of lymphocytes, 00 
Hyjiochroiiiic erythrocytes 
13 

ifyiKMleriiiH. 328. 331 
Hx{Kjn)cliium, 311 

Hypapuralhyronlism, 3l0 
Hyiiophysectomy , elfccts, 

302 

Hypophysis cerebri. 297 
aeidophal cells, 299 
alpha ci'Us, 299 
grannies, 299 
iMisophil cells, 299, 301 
bcla tells 299, 301 
granules ^9 
blood xossels, 301 
chief cells 299 
cliroinojthtl cells, 298 
chroinophohis ccUs, 298. 
299 

extracts, f^arnincody' 
namic actions of, 302 
histogenesis 301 
histophysiedogy, 302 
hormones in, 301, 302 
byahnC bodies in, 300- 
301 

interreiottonships wi th 
other organs 302 
nerx'Cs 301 


Hyyxophysis cerebri, oxary 
and, relations, 581 
pars hucealis (emliry- 
onic), 301 
distnVis, 29” 
intermedia, 297, 301 
nerxosa, 297, 300 
tubernns, 297, 299 
pituieytes in, 300 

I DISKS of myofibrils, 163 
Idiorome, 511 
Ileimt, 399 

Implantation of human em- 
bryo, 570 

Impulse-cniuliieling fdier? of 
heart, 171 

system of heart, 250 
Impulses, nerx'Ous, blocking 
of. 193 

conx'crgencc, 213 
transiMissiori of, 212 
Incisions of Scbniidl-iain- 
tcriniuin, 192 
Inclusions, 9, 11 
in nerxc cvlU, 185 
m bufcupliisin of striated 
miisi'le fibers, 165 
in thyroid gland cells, ,301 
prutcili, in intctstinca, 116 
Incus, 638 

Inll.uiimalion, conneclixo 
tKsuu in. 111 

emigration of leukocytes 
in. 51 

endotheliura in. 111 
fibrobl.ssta in, 111 
genetic intcrrcl.iUonships 
of cells in, 111 
leukocyles 5n, 51 
lymphocytes in, 111 
mntrophages m. III 
monocytes in, 18. Ill 
physiologic, 66, 68 
poiyblasts in. Ill 
role of looM coiinectixe 
ti«'»ue in, 66 

Inflammatory macrophages, 
98 

Inner ear, 639. See also 
La6yrinlA 

Inspissating function of gall- 
bladder, 433 
Insulin, 119 
Integrators, 180 
Intercalated disks of cardiac 
muscle, 172 

duels of oral glands, 359 
vein of Ux-er, 422 
Intercellular bridge.s, 36 
substance of conneclixe 
tissue, 49, 56 

Interfibrillar .sulwtance, 183 
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GoUHeb’s epithelial ftllach* 
nienl, 379 

GraoHnn foUiclc'i, 517 
rupture, 519 

transformation after, 
550 

Grafts of tissue, 52 
Graham-Colc test, <135 
Granular layer of epitlcrnus, ‘ 
331 

of Totnes, 373 
leukocytes, -IS, 18 
hasoplul, '16, <19 
classification, 48 
eosinophil, 4G, 18 
bderophil, 16, <19 
Granule(s), alpha, of hy- 
jiophysls, 299 
axurophil, 47 
beta, of hypophysis, 299 
brai«-,sand, of pineal liotly, 
323 

cells of cerebellum, 188 
chronmlin, 9 

ifon-cont.nning, in nrrvo 

cells, 185 

NIssl'a, of nerve cell, 183 
of Elirlich'neinz. <13 
pigiiH'nl, 13 
of derma, 33 1 
of nctve cell'', 185 
sand, of pineal body, 323 
accrelory, in epithelial 
cells, 13 

in oral glaiitls, 360 
ot panen-ai, }U 
zymogen, 11 
of gastric glands, 392 
of pancreas, <{13, -ISI 
Granulocytes, 18 
ncidopliil, 18 
basophil. 19 
clasNifirntton. 48 
definitive, 99 
cosmophil, 18 
lietcroplnt, 49 
neutrophil, -19 
permanent, 09 
Granulosa lutein cells, 552 
Gray column, intcrmcdW' 
lateral, of sjtuial cord, 
203 

matter, 191 

cortical, electric nctiv- 
«ty. 213 

difFerentiated from miii- 
pic nerve 211 

integration of nervous 
impulses by, 213 
Ground lamellae of boue. 
132 

substance, 9 
aiiiorplioiis, j8 


Growth and reproduction of 
ccM. 16 

apparatus <rf long bones, 
121 

cone, 216 

bormone and bone, 152 
Growlb-j>romoting borittonc 
of iiypo{)}ty«s, 302 
Gum, 371. 379 
Gustatory glamls, 361 
Gut, See Jniealinea. 

nAnt:Ntti.<t per/orwia, 618 
Hair, 335 

cells of acoustic tuaculae, 
612 

of Corli’s organ, 63 1 
color, 338 

cortical Rubftlnnce, 338 
cuticle, 336-337, 338 
follicle. 336 
structure, 338 
gcrti), 3 18 
gland:!. 336 
glaswy lueiubranc, 338 
hiblogencsia, 3 It 
matri'f. 336, 338 
iiicduUn, 338 
muscle, 339 
papilla, 338 
replacement, 3 10 
root, 336 

abcath, external, 336. 
339 

inicrnal, 336, 338 
cuticle. 338 
Hcfde’s layer, 339 
Ifuxley’s layer, 339 
shaft, 336 
structure, 336 
taste, 358 
Jlnlisleresis, 139 
Hamulus, 6t6 
Ilassall's bodies, 318, 320 
Havei>ian cnncls, 129 
systems, 129 
formation, 139 
Head cap of spcniiium, 51-1, 
517 

of spenuiiiin, 5X6 
Heart, 216 
alrja, 216 
bltKM} vessels, 251 
chromaffin celts, 233 
failure wlls, f«0 
endocardium, 216 
epieardiunt, 218 
histogenesis, 253, 255 
impulsc^conducting sys- 
tem. 230 

lymphatic \esseU, 252 
inuscnlar lissue. X71 
myocardium, 217 
nerves, 232 


Ifeart, skeleton, 248 
subendocardial layer, 217 
siibcodothehal layer, 216 
vaKcs, 249 
vcnlrtclcs, 216 
wall, layers of, 216 
“Heat” jij animals, 581 
llcislcp's aplriil vahe, 435 
Ifclicinc arteries, 538 
Hclicolrenia, 6 47 
Iletnal nodes, 266 
bistogenesla, 266 
licnisloxy lin and eo.sin stain, 
5 

Ilemianopia, homonymous, 
622 

Jlemoconla, 65 
Hemocytes, III 
llemocy toblnslK, 87, 09, 107 
embryonic, 100 
Hemoglobin, 12 
carbitmatc, 45 
IfemohlstioblasU, 51 
Heniolysi*, 42 
Hemojjoicsis, 77 
dualistic theory, 107 
embryonic, P9 
in body iiicsencbynic, 
101 

in bone mnrrow, 102 
in liver, 102 
in lympUalie orgntis, 
103-104 

in vascularcndothchtmii 
101 ' 

in yolk sac, 100 
beteroplnstie, 93 
bonioplasiic, 93 
in spleen, 282 
irialistiu theory, 107 
Unitarian theory', 107 
Hojuopoielic tissues, 77 

in embryonic blood de- 
velopment, 100 
Zfenle’s layer of inlernal 
root sheath, 339 
loop, 488, 189 
sheath, 196 
llensen's body, 634 
cells, 653-65 4 
disk. 163 
Btripc, 634 
Heparin, 430 
Hepatic. Sec Ltrer. 

Hepatosin, 18 

Ifere<Jity, chromosoim*s and, 
20-21 

ITering’s canal, 131 
Ifertwig's epithelial «h'‘alb' 
382 

Hclerochromosomes, 510 
Heterophil granular Icub'' 
cytes, 46 
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Irritalion forms of leuko- 
cytes, 50 

Isciiemic phase of endo- 
metrial cycle, 566 
Islands, blond, 100 
I'lcts of Langerhans, 113 
alpha or A cells, 1 16 
beta or H cells, 116, 450 
Cecils. 116 
D tells, 4 16 
distribution, 4 17 
Isogenous chondrocytes, IIU 
Isotopes, rn(lioacti\o, loca- 
tion of, 7 

Isotojiic tracers for cellular 
structure study, 15 
Isotropic disks of mvofdirils, 
163 

Isthmus of excretory duct 
of oral gland, 359, 361 
of stomach, 389 
of thyroid gland, 301 
of uterus, 561, 568 

J DISKS of myoribrils, 163 
Jaundice. 431 

Jaw, lower, ossification of, 

115 

Jejunum, 399 
Jelly, Wharton’s, 72 
Joints, 152 
capsules, 153 

Junction, choledoclio-diiodo- 
nal, 436 

dentino-cnamel, 377 
mucocutaneous, 333 
sclerocorneal, 605 
Juxtaglomerular cells, 487, 
496 

Kahyolysis in normoblasts 
91 

Kerkring’s valves, 399 
Key-Retzius sheath, 196 
Kidney, 481 
area cribrosa, 482 
arteries, 492 
arciform or arcuate, 492 
interlobar, 492 
interlobular, 493 
intralobular, 491, 493 
arteriolae rectae spuriae, 
493 

verae, 493 

basement membrane, 492 
blood vessels, 492 
Bowman’s capsule, 185 
calyces, 481 
capsule, 481 

columns (of Bertin), 482 
connective tissue, inter- 
stitial, 492 

conservative functions, 
491 


Kidncyr, corpuscle (of Mal- 
pighi). 485 
cortex, 182 
cystic, 503 

diodrast clearance. 495 
elimination, 191 
excretory ducts, 490 
functions, 49 1 
pass.igos, 496 
rpillicliiim, 497 
glomerular llltrntion, 495 
glomerulus, 181, 486 
function, 191 

hiliia, tni 

histogenesis, 501 
hislopliysiology, 191 
hyjicrirnsion from extracts 
of, 193 

imilin cleariinre, 195 
juxiitglonierular cells, 187, 
496 

lobes, 182 
lobules. 482. 491 
lynipimlic vessels, 493 
medtiUu. 482 

iiicdulinry rays (of Fer- 
rcin), 482 
nephron, 485 
nerves, 491 
liapilla, 482 

papillary <lucls (of Bel- 
lini). 190 
pelvis, 181 

pyTaimds (of Malpighi), 
182 

i^relory portion, 485 
sinus, 481 
stellate veins, 493 
tubule, brush liorder, 188 
collecting. 490 

central branchings, 
490 

peripheral branch- 
ings, 490 

distal convolution, 490 
excretion, 491 
functions, 491 
Henle’s loop, 488, 489 
proximal convolution, 
187 

functions, 495 
uriniferous, 481, 483 
urine elaboration. 494 
vas aflerens, 487 
vcnulae rectae, 493 
Knot, enamel, 379 
KorlT’s fibers, 381 
Krause’s terminal bulbs, 203 
KuplTer cells, 96, 423 
KutlofI body, 47 

Lsbia majora, 580 
imnora, 580 
Labial glands, 363, 366 


Labyrinth, 639 

ba^ila^ membrane, 646, 
618-619 

blood vessels, 656 
cochlea, 639, 611, 617 
Corti’s organ, 611, 650 
See al'O Corli’s orr/an. 
cristae, histogenesis, 659 
. function, 659 

maculae, histogenesis, 659 
mechanism for sympa- 
thetic viliratlon or reso- 
nance, 659 
membranous, 639 
nerves, 656 
osseous, 639 

perilymphatic spaces, 639 
histogenesis, 660 
saccule, 610, 611 
scnlac, 6 17 

semicircular canals, 639, 
612 

spiral lamina. 616, 617 
troct, 657 
utricle, 610, 611 
vestibule, 639 

Lacassngne, Lattes and Lav- 
ednn, autoradiography 
method of, 7 
Lacrimal caruncle, 633 
ducts, 633 
gland, 632 
tarsal, 632 
lake, 633 
points, 633 
sac. 633 < 

Lactation, mammary gland 
during, 595 
Lacteals, 5 1, 412 
central, 257, 412 
Lactiferous duct, 591 
sinus, 591 

Lactogenic hormone in hypo- 
physis, 302 
Lacunae, 125 

bone, Ilowship’s, 139 
Haversian, 130 
of Morgagni, 500 
Lake, lacrimal, 633 
Lamellae, bone, 125, 129 
basic, 132, 140 
circumferential, 132, 140 
ground, 132 
interstitial, 132 
enamel, 377 
Haversian, 130 
of iris, anterior, 611 
posterior, 6H— 612 
Lamellated connective tis- 
sue, 72 

Lamina, dental, 379 
epithelialis, 225 , 
fusca of sclera, 603 
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Interfonicular cells of thy- 
roid, 305 
tissue, 265 

interglohular spacer in den- 
tin. 375 

Interkinellc stage in mcloUc 
division of sperniatocytcs, 
513 

rnterlobar arteries of kidney, 

Interlobular arteries of kid- 
ney, 493 
hUc ducts, -131 
Interined/alo body of Flem- 
ming, 20 

disks of myofibrils, 163 
glands of slomacb, 390 
Intermedin, 301 
Intcrniedio-lateral gray col- 
umn of spinal cord, 203 
Inltrrmenslrual bleeding, 565 
Internal reconstruction oC 
bone, 125 

accretion, glands of, 283, 
293, 297 

Interoceptive ayalem, 180 
Interscnpular gland, 61, 75 
Interstitial cells of intestinal 
nerves, 412— U3 
of ovary, 557 
origin, 537 
of testis, 522 
origin, 537 

connective tissue of kid- 
ney, -192 

of sajivary glands, 
366 

gland of ovary, S57 
growth of cartilage, 123 
innieilae of bone, 132 
sensory nerve emlings, 200 
subMance of bone, 125, 
126 

clicniicalcompositiort, 

126 

of hyaUne cartilage, 118 
tissue of testis, 521 
Inters illous space, 574 
Intestinal absorption, 415, 
416 

epithelium, 400 

and glands, cclopk, in 
stomach, 395 
changes in. during uli- 
sorpfion, 416 
juice, III 
villi. -lf>& 

histogenesis, 418 
movements. -417 
Intcslinefs), 399 
large, 407 

appendices epiploicae, 
410 

blood vessels, -110 


Intcslmefs), large, lust^en- 
esis, 418 

bislophysiology, 41-4 
lamina propria, 108 
liebcrktihn's glands, 408 
lymph vessels, 412 
Alorgagni’s columns, 
410 

muscularis extemn, 408 
mucosae, 408 
nerves, U2 
plexuses, 410, 412— H'l 
Bccrclion of. 115 
solitary follicles, .103 
taenia coli, 403 
small, 399 

alHorplion in, 41S, 416 
®ggre-SQlcil folliclea, -iOS 
argentaOine cells, 401, 
402 

argyrophil franicuork, 

401 

Auerbach's myenteric 
plexus, 412 
blood vessels, 410 
Brunner’s glands, 406, 
4M, 418 

columnar cells, 401 
duodenum, 399 
epithelium, 400 
desquamation in 
feces, 401 
folds, 399 
functions, 399 
globular leukocyte, -105 
goblet cells, 401 
Jiistogcnesis, -118 
bislophysiology, 41 1 
ileum, 399 

interstii iai cells, 412—113 
jejumini, 399 
Kerhring’s valves, 399 
lacteala, 412 
lamina propria, 401 
LIcberkulin’s crypts, 
400, 102 
glands, 402, 418 
lymph veswis, 412 
meconium corpuscles, 
418 

Meissner’s submucous 
plexns, 412 

tmicous tiicnihranc, sur- 
face, 399 

miiltipidnr cells, 412 
nmscidaris etterna, 103 
interna, 105 
imK:osac, -tOO, 405 
nerves, 112 

Panelb’s cells, 102,418 
pcrijdkcral lyinjdt nod- 
ules, SOS 

Pejer’s pnlches, 105 
plexuses, -tlO, 112— )1 1 


Inteslinefs), sinall, secretion 
of, 4M 

solitary fonicles, 403 
submucous layer, 405 
valvulae conniventes, 
405 

villi, 400 
histogenesis, 418 
movements, 417 
Intracartilaginous ossifica- 
tion, 125, 134, 137 
Intracellular canalicuii of 
glandular cells, 291 
Inlra-cpithclial cysts of ure- 
ter and bladder, 197 
of urethra, 499 
glands, 289 
of testis, 525 

Intrahepatic bile ducts, i3I, 
432 

Intralobular arteries of kid- 
ney, 491, 493 

intracnembranous ossifica- 
tion, 125, 131 

Intrinsic factor of Castle in 
eo'thropoiesis, 95-96 
jiiufctes of lacynv, 

Iniilin clearance In kidney, 
495 

Involution, accidental, of 
thymus, S16, 320 
age, of thymus, 316, 319 
of mammary gland, 597 
of ovarian follicles, 55 1 
of thymus, 319 
Iodine in thyroid gland, 307 
Iodine*”, 307 
lodotbyToglobulin, 307 
Iridial portion of retina, 
601-602, 610, 611 
Iris, 601, 610 
IfU, angle. 602. 613 
anterior stromal sheet. 611 
ciliary margin, 610 
crypts, 610 
Fontana’s spaces, 6l3 
histogenesis, 633 
limiting nieinbrane, 613 
muscles, 611 

pectinate ligament, 613 
pigment epithelium, 613 
posterior stromal slieet, 
611-612 

pupillary margin, 6tQ 
retinal part, 611 
Schiemm’s canal, 6l3 
scleral framework. 613 
uveal framework, 6l3 
vessel lajcr, 611 
Iron mctftholism in Bpleen, 
282 

Irritability of nerve lilwr*- 
193 

of nersous twiie, 186 
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U^er, «iniisoi(]s, '123 
KiiiifTt-r cell-J. 423 
undilferenliiilcd lining 
cells, 123 

Lis-ing nnil nonliving, 1 
LoLes of mammary gland, 
591 

{ijTamidnl, of ihjToid, 306 
Lobules, 293 
of liver, 120, 422 
/ones, 126 
of lungs, 139 
of mammary gland, 591 
of testis (LobuU Icstia), 
503 

renal. -182, -191 
Loop. Ilenle’s, '188, J89 
Lung(s), 139 
alveolar ducts, 160, 163 
sacs, 460, 165 
alveoli, 160, 165 
cells lining, 168 

enloderninl or mes- 
cnebyrnai origin^ 
171 

dust cells, 170, 479 
bearl failure cells, 470 
iiuclcnied alveolar epL 
tliclial ceils, 470 
peTjcapiUary cells, 470- 
471 

phagocytes, 470 
spplal cells, 470 
atrium, 460, 167 
Woovl vessels, 472 
bronchi, 439-160 
broncliioles, -lOO, '163 
carbonic anbydrasc in, 477 
dust cells, 96 

ftxation of tissue, diflicul- 
tiVs. 462 

histogenesis, 476 
hislopliysiology, 477 
in rcvpiralion, '177—178 
lobes and lobules, 459 
lymphatic vessels, 472— 
■ 471 

iiiacropbages, 't70 
nerves, 474 
pores, 471 
repair of, 477 
respiratory structures, 462 
unit, '562 

visceral pleura, 459 
Lunula, 310 
Lusebka’s ducts, 435 
foramina, 226 
Lutein, 552 
cells, granulosa, 552 
theca, 552-553 
phase ofcndoinelnalcycle, 
563 

Luteinizing borraonu of hy- 
pophysis, 302 


Lynipli, 5 1, 257 
genetic interrelationships 
and potencies of its 
cells and otlwr cells, 1 10 
nodes, 77, 260 

anipuline or alveoli, 263 
Itlood vessels, 265-266 
caiysule, 261, 262 
corlcT, 261 

coiVvcal subrstnnee, 264 
embryonic dcv'clop- 
menl, 103-104 
frnmetvork, 262 
function. 266 
bitus, 261 
histopencsis, 267 
interfollio«l,irllssue,265 


lymplmtic tissue, 260 
vessels and sinuses, 
261 

inediiHa, 261 
inediillury cords, 264 
sinuses, 26 1 
niTves, 266 
reticular I'diers, 263 
siniivs, 260-261 
IralNxulae, 263 
variations in striicturc, 
264 

passage from tissues into 
lymphatics, 260 
spaces, 260-261 
of eye, 629 
of liver, 428 
potential, 428 
Lyinpliatic capillaries, 257 
duct, right, 259 
thoracic, 259 
nclMorks, 257 
nodules, 80, 264 

penplieral, of small in- 
testine, '105 
organs, 257, 260 
embryonic, lieino{toicsis 
in, 103-101 
sacs, 267 

sinuses, 260-261, 262, 26V 
system, 257 

histogenesis, 267 
regenerative cairaeiiy. 


269 


tissue, 77 
atrophy, 85. SIS 
cells, 78 
diffuse, 78 

embryonic dovelop- 
nienl, 104 
fibers, 78 
free cells, 79 
function, 83 
in lower vertebrates, 
8S 

loose, 78 


Lymphatic tissue, lympho- 
cytes, 79 

myeloid tissue and, dif- 
ferent reaetlotH 
ill disease, lOT- 
108 

powers of develoji- 
nicn ( of lymphoid 
stem cells of, 107 
new forninlion, ftl 
nodular, 78 
of bronchi, 162 
of lymph nodes, 260 
of siiinll intestine, 103 
of spleen, 270, 271 
stroma, 76 
vessels, 237, 264 
adcront, 262 
bloori vessels of, 260 
efferent, 262 
histogenesis, 267 
large, 239 
nerves of, 260 
of bronchi, 474 
of eyelids, 633 
of gallbladder, 435 
of iieatl, 252 
of intestines, 412 
of kidney, 19.3 
of inrynt, 438 
of lungs, 472-174 
of mammary gland, 597 
of orul gbiuls, 366 
of ovary, 558 
of pancreas, 4 49 
of pt'nh, 5 10 
of pb.irynx, 371 
of pl.'ura, 476 
of skin, 3 13 
of spleen, 282 
of stomach, 410 
of testis, 524 
of thymus, 321 
of thyroid gland, 303 
of trachea, 159 
of urinary passages, -198 
of uterus, 577 
passage of lymph from 
tissues into, 260 
perivascular, 215 
stomata of, 260 
valves of, 259 
histogenesis, 267 
walls, layers of, 258 
Lymphoblasts, 46, 107 
Lymphocytes, 46, 51 
alioul tissue grafts, 52 
antibodies and, 85 
as source of monocytes, 
108 

azurophil granules- in, 47 
destruction, 99 
developnient, 80 
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Lamina, propria of alimen- 
tary mucous mem- 
brane, 350 
of conjunctiva, 631 
of esophagus, 386 
of gallbladder, 433 
of large intestine, 408 
of nasal mucous mem- 
brane, 455 
of oral cavity, 352 
of oviduct, 559-560 
of small intestine, 401 
of stomach, 395 
of trachea, 458 
of urethra, 499-500. 501 
of vagina, 578 
spiral, membranous, 616, 
617 

osseous, 616, 617 
Langerhans’ cells of cornea, 
601 

of epidermis, 333 
islets, 413 
Langhans cells, 576 
Largo intestine, 407. See also 
Inlesline, large. 

Larynx, 457 
cartilages, 457 
epithelium, 457 
glands, 458 
muscles, 457 • 
vessels and nerves, 458 
vocal cords, 158 
Latt6s Lacas&aiine, Lallis 
and Lavedan. 

Lavedan. See iccassagne, 
Lallis and Lam/an. 
Layer(s), choriocvpillary, of 
eye, 606 

clear, of epidermis, 330, 
331 

fibrous, of joint capsule, 153 
granular, of epidermis, 331 
of Tomes, 375 
Ilenle’s, of internal root 
sheath, 339 

horny, of epidermis, 332 
Huxley’s, of internal root 
sheath, 339 

hlalpigblan, of epidermis, ^ 
330, 332 
of retina, 614 
papillary, of derma, 334 
reticular, of derma, 331 
subcutaneous, of skin, 334 
submucous, of esopUaRUs, 
387 

suprachorioid, 606 
svnovial, of joint capsule, 
'l53 

tympanic covering, 6 19 
vessel, of chorioidea, 606 
of iris, 611 

vestibular covering, 619 


Lens of eye, 602, 625 
capsule, 625 
ciliary zonula, 626 
fibers, 625 

liyaloidcocapsular liga- 
ment, 627 
nuclear arc, 625 
zone, 625 
priraordium, 633 
vorlex, 625 

Lenticular glands of stom- 
ach, 396 

Leptomoningea, 6S^70, 223 
development, 221 
Leptolenc stage of sper- 
matocylogenesis, 311 
Leukemia, myeloid, 273, 282 
Leukoblasts, 93 
Leukocytes, 41, 45 
abnormal forms, 50 
acidophil, 48 
amebism ol, 51 
basophil granular, 46, 49 
degenerating, 50 
destruction, 98 
emigration in innaiiiina- 
tion, 51 

eosinophil granular, 16, 48 
functions, 51 

globular, of small in- 
testine, 405 
granular, tS, 48 
classification, 48 
beteropliil, 52 
granular, 46, 49 
in indammation. Ill 
in infiainination, 51 
irritation forms, 50 
lymphoid, 16 
neutrophil, 46, 49 
nongranular, 46 

origin of macrophages 
from, 98 
number, 45 
phagocytosis by, 52 
pyknosis, 50 
rhexis, 50 
nieder cell, 50 
types, 46 
Leukocytosis, 52 
Lieberkiibn’s crypts, 400, 
102 

glands, 402, 108 
histogenesis 418 
Ligainentfs), 72 

hyaloideocapsular, 627 
pectinate, of iris, 613 
spiral, 616 
sutural, 153 

tbyro-artenoid, inferior, 
158 

vocal, 458 

Ligation of xms deferens, 523 


Limbus (Edge) 'of cornea, 
605 t 

spiralis, 617 

Limiting membrane, exter- 
nal, of central nervous 
system, 206 

internal, of central nerv- 
ous system, 206 . 
of iris, 613 
of retina, inner, 622 ' 
outer, 622 
Line(8), milk, 597 
neonatal, in teeth, 382 
Owen’s, 375 
Retzius’, 377 
Schreger’?, 377 
Lingual gland, anterior, 361, 
366 

posterior, 361, 365 
tonsils, 337 
linin network, 9 
Lining cells, 79 

undifTerenliated, of he- 
patic sinusoids, 423 
Lip, tympdnic, 617 
veslibulai, 617 
Upase, 397 
Lipids, 15 
Upocaic, 450 

Dpoid droplets of adrenal 
cortex, 3lS 
histiocytosis, 318 
storage in spleen, 285 
Liquor folllcull, 515 
Dthium carniine, 62 
Littoral cells, 79, 86 
Littrfe’s glands, 500 
liver, 420 
as gland, 296 
bile canallcules, 427 
ducts, 431 
blood vessels, 421 
celh, 425 

connective tissue, 427 
embryonic, hemopoic'.is 
in. 102 

endocrine functions, 130 
fat in, 431 

formation of bile in, 128, 
431 

of bile acids in. 431 
of glycogen in, 430 
of urea in, 431 
Gliason’s capsule, 427 
histogenesis, 439 
histojihysiology, 428 
lobules, 420, 422 
zones, 426 
lyinph spaces, 428 
regeneration, 428 
reticular fibers, 428 
role in digestion of chynie 
in small intestine, 41 1 
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Meiiil>rano(s), DesceniclV, 
603 

dura innlrr, 2-0 
oliislic, of nrlorics, 233, 
23T, 23H 
onanifl, 377 
fcni'strali'd, 73 
of artcrio'*, 237, 233 
filiroiis, in contn'ctj\o tis- 
sue, 72 

glawy (llriicli’s), of 
rioidca, 607, 603 
of Graafian follicli*, 5 17 
of liair, 333 

limiting, c'ctcrnnl, of cen- 
tral iu*r\ous system, 
206 

internal, of central ner\- 
ous system, 206 
of iri't, 613 
of retina, inner, 622 
outer, 622 

nituous. See Mucous mem- 
hrane. 
nncloar, 8 
oiolltliic, 612 
liNtopeiipsi'*, 639 
periodontal, 373, 378 
pin motor, 223 
llehsnor’s, 617 
reticular, of Cofti’«organ, 
650 

terniinal frame, 651 
serous, of nlinientory tract, 
350-351 

of stoiiincli, 397 
tisMie of, 67 

sulmiucous, of csopliagus, 
387 

of oral cn>ity, 352 
of small inte'ilinc, 105 
of stomach, 396 
syno\'ial, 152. Sec also 
Synodal menibranrs. 
tectorial, of Coiti's organ, 
631 

t>inpanic, 636 
Membranous cochlear canal, 
616 

lal>>Tinlh, 639 
spiral lamina, 616, 617 
Meningeal spaces, 226 
Meninges, development, 221 
ner\es, 221 
Menstrual c>cle. 561 

changes in vagina dur- 
ing. 579 

relation of, to estrus 
ejele, 581 
flow, 564 

phase of endometrial c^cle, 
566 

Menstruation, ano\ ulatory, 
566 


Mcnstriintion, ■ corpus 
luieiini of, 552 
relation of osmlntion to, 
581 

Meridians of eje, 602 
MerXel’s corpuscles, 202 
Merocrine M-erclion, 289 
AIcsench)iii:il nctivnliofi in 
spleen. 233 

cells, undllTercntinted, in 
loose connf*cli\e tissue, 
61 

epilheliiiiii. 31. 38. 39, 153 
of cornea, 605 
Me.seiich>ine, 27 
as vource of Mood. 10 
of coniuTtise tissue, 10 
liody, 101 
origin, 100 
M«*so<lerm, 27, 23 
Mesothelium, 23. 31. 33 
MetnlMiHc procevscs furnish- 
ing energy, 16 
rate, clh-cl of thjroid 
secretion on, 307 
Mctnliolism, cpilheliuti! in, 
26 

influence of th>Toid gland, 
307 

iron, in spleen, 282 
Mclachromalic .slain, 58, 73 
Metaestnis, 579 
Mclaktncsis, 18 
Melmn>clocyles, 91 
Mclanepliric Mastciiia, 501 
cap. 501 
sesK'lc, S02 
Mctaplinsc, 18, 19 
.Mctnpli>>is, 121 

reorganization of, m 
growth of long Ixmes, 
1 15 

31clnplasia. 33 
cartilage, 120 
myeloid, 112, 282. 286 
in splenic tissue, 275 
of cpithcliumof esophagus, 

389 

Metnplastic ossiflcatlon, 131 
iVletiiods of study, 1 
Micellar orientation and ag- 
gregation, 218-219 
Microcytes in erythrocytes, 
43 

Microdissection, 4 
Microglia, 208 
Micrographs, electron, of 
muscle, 163 
Micro-incineration, 7 
Microniyelocytes, 91 
Microscopic anatomy, deflni- 
tion, 1 

Microscopy, pliase dilTer- 
enee, 3, 22 


AlicrosOmes, 1 1 
Middle ear, 637 
Milk globules, 598 
line, 597 
witch’s, 593 

Milky spots of omentum, 69 
Mitochondria, 10, 17 
enzymes ami, 17 
of adrenal cells, 313 
of eiiithelial cells, 3 1 
- of rier\c cell, 131 
Mitosis, 11, 13 

dilTcrenlinled from mci- 
osis, 512—513 
din-el, 13, 22 
heterotypic, 513 
homcot>pic, 513 
in skin, 332 
indirect, 18 

iiieiotic, of ovocytes, 519 
of spernialocstes, .510, 
Sll-an. 519 
multipolar, 20 
of maturation (meloUt 
divisions) of spcriiiato- 

c)te«, 510 

stages, 18 

Modiolus, spiral canal, 6 17 
Moll's glands, 315, 631 
Mongolian spots, 331 
Monocjtcs, 16 17, 93 
description, 17 
in inflammation, 48, 111 
in tissue cultures, 112 
KurlolT Ixxly in, 17 
origin, 108 
rosoltc of, 47 

Mononuclear exudate cells 
in innanimntion, 111 
Montgomery’s glands, 592- 
593 

Morgagni’s hydatid, 526, 
512 

lacunae, 500 
recta! columns, 410 
Motoi area of cortex m 
precentral con^ olution 
of brain, 21 1 

nerxc endings in striated 
muscle, 198 
sympathetic, 197-198 
neurons, visceral, 203 
plates, 198 

Mouth, 350. See also Oral 
cavity. 

Mucigen, 289 
Mucin, 289 
of intestinal juice, 115 
Muco-alhuminous cells of 
oral gJ.inds, 361 
Mucocutaneous junctions 
333 

Mucoserous cells of oral 
glands. 361 
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L>inphoc>’tes, formation in 
lymph-nodes, 266, 268 
in spleen; 282 
histogenesis, 80 
immune bodies in, 81 
in inflammation, 1X1 . 

in spleen, 10-1 
in tissue cultures, 112 
infiltration of tonsils with, 
368, 369 

KurlolT body in, 47 
large, 46 . 

of lymphatic tissue, 79 
medium-sized, of lym- 
phatic tissue, 79 
of lymphatic tissue, 79 
potencies, 111 
regeneration in germinal 
centers, 81 
small, 46 

hypertrophy into large, 
80 

of lymphatic tissue, 79 
of thymus, 318, 319, 
322 

Lyinphocylopoietic centers, 
81, 273 

Lymphoid elements of Mood, 
77 

hyperplasia, 83 
leukocytes, 16 
-macrophage system, 98 
stem cells of lymphatic 
and myeloid tissues, po- 
tencies of development, 
107 

wandering cells in loose 
connective tissue, 61 


M DISKS of myofibrils, 163- 
161 

Maceration, 57 
Macrocytes in erythrocytes, 
43 


Macroglia, 206 
Macrolymphocytes, 79 
Macrophages, 96, 110-111 
as source of monocytes, 
108 

defense activities, 97 
dye test for, 97 
fixed, 77. 78 

in loose connective tis- 
sue, 61 

in myeloid tissue, 86 
potencies of, 111, 114 


free, 77, 78 
of Mood, 50 
functions, 97 
in inflammation, 111 
in tissue cultures, 112 
inflammatory, 98 
of lung, 470 
of spleen. 274, 282 


IVIacrophages, origin from 
nongranular leuko- 
cytes, 98 

in leptomeningcs, 224 
potencies. 111, 114 
Alacula communis, 659 
densa, 490 
germinativa, 518 
lutea of retina, 614 
retinae, 622 
sacciiJ], 610 
histogenesis, 659 
utriculi, 610 
histogenesis, 659 
Magendie’s foramen, 226 
Male genital system, SOS 
urethra, 499, 537. See also 
Urethra, male. 

Alallcus, 638 
l^Ialpighian l>odies, 270 
corpuscle of kidney, 485 
layer of cpidernus, 330, 
332 

pyramids, 482 
Mammary fold, 597 
gland, 591 
alveolar ducts, 591 
alveoli, 591 

apocrine secretion, 596 
areola, 592 
cyclic changes, 592 
during gestation, 59 1 
during lactation, 595 
histogenesis, 597 
histophysiology, 598 
involution, 597 
lactiferous duct, 591 
lobes. 591 
lobules, 591 

Montgomery’s glands, 
592-593 
nipple, 592 
regression, 597 
resting, 591 
sinus lactifenis, 591 
vessels and nerves, 597 
Mainmogenic duct growth 
factor, 599 

hormone in hypophj'sis, 
302 

Mandibular glands, 358, 363, 
364 

Marble bone disease, 152 
Marchi’s method of staining 
myelin of nerve fibers, 
221 

IVIarginal zone of wliite 
pulp of spleen; 273 
Marrow, bone, 85. See also 
Bone morroip. 

Masked fat, 11 
Mast cells in loose connec- 
tive tissue, 62 


Matrix, lione, 125 
hair, 336, 338 
nail, 311 

Maturation mitoses of sper- 
matocytes, 510 
of ovum, 5 19 

Mauthner’s axolemma, 192 
Meatus, auditory, external, 
636 

Mechanical factors in growlli 
of neurohlasts, 218 
Meckel’s cartilage, 145 
IMeconiura corpuscles, 416, 
418 

Mediastinum testis, 505 
Afedulla of adrenal glands, 
313 

histophysiology, 31 1 
of hair, 338 
of kidney, 482 
of lymph nodes, 261 
of ovary, 557 
of th^Tnus, 318 
Afedullary bone in birds, 
150-151 
cords, 585-586 
of lymph nodes, 261 
rays of kidney (Ferrein's), 
482 

sinuses of lymph nodes, 
261 

substance of lymph nodes, 
261 

Medullatcd nerve fibers, 191 
Megakaryocytes, 87, 92 
definitive, 99 
Megaloblasts, 89 
Meibomian glands, 342, 631 
Meiosis, diflerenliated from 
mitosis, 512-513 
IMeiotic divisions of ovo- 
cytes, 549 

of spermatocytes, 510, 
511-513, 519 

Meissner’s corpuscles, 203 
Alelanin in pigment cells, 63 
in skin, 333 
blelanoblasts, 333 
dermal, 63, 334 
epidermal, 63 
Slelanophores, 13 
Membrana granulosa, 5 17 
preforniata, 380 
Membrane (s), arachnoid, 
223 , 

basement, 28 

of epidermis, 333 
of glands, 291 
of kidney, 492 
basilar, 616, 618-619 
Bowman’s, 601 
cell, 8 

chorioid, 601, 606^ 
ciliary, inner liniilinp, 610 



INDliX 


685 


Memlirnne(H), Desc'ciiM-t’-*, 
603 

dura iiiator, 223 
clastic, of arteries, 233, 
23T. 23a 
ciHuncl, 377 
fenestrated, 73 
of arteries, 237, 233 
fibrous, in coiini>cliNC tis- 
sue, 72 

glassy (Bruch’s), of 
rioidea, 607, 603 
of Graafian follicle, 3 17 
of hair, 333 

liuiitiiig, external, of cen- 
tral nerxous sxstem, 
206 

internal, of central ner\- 
ous sjsteni, 206 
of iris, 613 
of retina, inner, 622 
outer, 622 

mucous. See A/ucoiw mem- 
brane. 
nutlear, 8 
otolithic, 612 

histogencMs, 639 
periodontal, 373, 378 
pin mater, 223 
Ileissner’s, 6 17 
reticular, of Corli’s organ, 
630 

terminal frame, 653 
serous, of alimentary tract, 
350-331 
of stomach, 397 
tissue of, 67 

sulmiucous, of esophagus, 
387 

of oral easily, 352 
of small intestine, 105 
of stomach, 396 
synovial, 132. See also 
Synovial membranes. 
tectorial, of Corti’s organ, 
631 

tympanic, 656 
Membranous cochlear canal, 
616 

lal>>Tinth, 639 
spiral lamina, 616, 617 
Meningeal spaces, 226 
Meninges, development, 224 
nerxes, 221 
Menstrual cycle, 561 

changes in vagina dur- 
ing, 579 

relation of, to ostrus 
cycle, 581 
flow, 561 

phase of endometrial cycle, 
566 

Menstruation, anovulatory, 
566 


Mciistniiition, corpus 
hiteum of, 532 
relation of ovulation to, 
331 

Meridians of eye, 602 
Merkel’s corpuscles, 202 
Merocrine secretion, 289 
Mesenchynml ncfivulion in 
spiesm, 283 

cells, nndilTerrntinted, in 
looM.* coniieclixc tNsue, 
61 

cptiheliiiiii, 31. 38. 39, 155 
of cornea. 603 
Mesenchyme, 27 

as }(Ourcc of blood, 40 
of conncclixe tissue, fO 
iKxIy. 101 
origin, 100 
Mesoderm, 27, 28 
Me»otheliiim, 28, 31, 38 
Mctaltolic processes furnish- 
ing energy, 16 
rate, elTccl of thyroid 
secretion on, 307 
Motiiliolism, epithelium in, 
26 

influence of thyroid gland, 
307 

Iron, In spleen, 282 
Metachromalic stain, 58, 73 
Metnestrus, 579 
Metakinesis, 18 
Metamyelocytes, 91 
Mctanephric Mastema, 501 
cap. 501 
vesicle, 502 
Metophase, 18, 19 
Metaphysis, 121 

reorganization of, in 
growth of long liones, 
115 

3Ietaplnsia. 33 
cartilage, 120 
myeloid, 112, 282, 286 
in splenic tissue, 275 
ofepitheliuniofesopliagus, 
389 

Metnplastic ossification, 13 1 
Methods of study, 1 
Micellar orientation and ag- 
gregation, 218-219 
Microcytes in erythrocytes 
43 

Microdissection, 4 
Microglia, 208 
Micrographs, electron, of 
muscle, 163 
Micro-incineration, 7 
Micromyelocytcs, 91 
Microscopic anatomy, defini- 
tion, 1 

Microscopy, phase dilTer- 
ence, 3, 22 


Microsomes, It 
Middle ear, 637 
Milk globules, 598 
line, 397 
witch’s, 598 

Milky spots of omentum, 69 
Milocliondria, 10, 17 
enrymes ami, 17 
of adrenal cells, 313 
of epithelial cells, 3 1 
- of nerxo cell, 181 
Mitosis, 11, 18 

dirferentialed from inei- 
osis, 512-513 
direct, 18, 22 
heterotypic, 513 
homeolypic, 513 
in skin, 332 
indirect, 18 

meiotic, of oxocytes, .519 
of spermatocytes, 310, 
511-313. 519 
nnillipolar, 20 
of maturation (meiotic 
dix'isions) of spermato- 
cytes, 510 
stages, 18 

JVloiiiolus, spiral canal, 6 17 
Moll’s glands, 315, 631 
Mongolian spots, 331 
Monocytes, .16 17, 93 
description, 47 
in inflamiimtion, 48, 111 
in tissue cultures, 112 
KurlolT body in, 47 
origin, 108 
rosette of, 47 

Mononuclear exudate cells 
in inllanimation, 111 
Montgomery’s glands, 592- 
593 

Morgagni's hydatid, 526, 

5 >2 

lacunae, 500 
rectal columns, 410 
Motor area of cortex in 
precentral convolution 
of brain, 21 1 

nerve endings in striated 
muscle, 198 
sympathetic, 197-198 
neurons, visceral, 203 
plates, 198 

Mouth, 350. See also Oral 
cavity. 

Mucigen, 289 
Mucin, 289 
of intestinal juice, J15 
Muco-alhuminous cells of 
oral glands, 361 
Mucocutaneous junctions 
333 

Miicoserous cells of oral 
glands, .361 


23 
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Mucous bone marrow, 85 
cells, 289 

of oral glands, 358, 359 
connective tissue, 72 
glands, 289 

of esophagus, 387 
of nose, 453 

of root of tongue, 364, 
366 

layer of gallbladder 432 
membrane of alimentary 
tract, 350 
of bronchi, 461 
of esophagus, 385 
of oral cavity, 352 
of oviduct, 559-560 
of pharynx, 371 
of seminal vesicles,'528 
of small intestine, 399 
of stomach, 389 
of urethra, 500 
of uterus, 563, 568 
of vagina, 578 
neck cells of gastric glands, 
393 

Mucus, 289, 361, 453 
gastric, 397 
intestinal, 415 
MUllor’s duct, 583 
muscle, 603 
radial fibers, 622 
superior tarsal muscle, 
631 

Multicellular glands, 288, 
289 

classlQcation, 292 
Multipolar cells of intestinal 
nerves, 412 
mitosis, 20 
neurons, 187-188 
Aruscle(s), 157 

Brucke’s, 608 
cardiac, 171 

blood vessels, 174 
cells, 173 

connective tissue, 174 
contraction, 178 
fibers, 171 

of ' impulse-conduct- 
ing System, 174 
histogenesis, 174 
intercalated disks, 172 
myofibrils, 172 

origin and develop- 
ment, 175 
nerve endings, 197 
nuclei, 171 

regenerative capacity, 
176 

sarcolemma, 172 
sarcoplasm, 172 
ciliary, 607 
contractile points, IT » 


Muscle(s), contraction, 
mechanism of, 177 
morplioJpgical cJiangcs 
during, 176 

participation of nerves, 
177* 

electron micrographs of, 
163 

fibrils, 11 
MUlIcr’s, 608 
of hair, 339 
of iris. 611 
of larynx, 457 
orbicular, 631 
ring, of eye, 631 
Riolan’s, 631 
skeletal, 161 
smooth, 157 
association with elastic 
fibers, 160 
cells, 157 

contact witli one an- 
other, 159 
nucleus, 157 
sheaths, 160 
connective tissue, 159 
contraction, 176 
fibers, 157 
fibrils, 158 

histogenesis and regen- 
eration, 160 
myofibrils, 158 
Origin and develop- 
ment, 160 
myosin, 158 
nerve endings, 197 
sarcoplasm, 158 
striated, 161 

blood vessels and nerves, 
167 

bundles, 165 
conneclK^e tissue. 165 
contraction, 176 
fibers, uiuon with one 
another to form mus- 
cles, 165 
histogenesis, 167 
myofibrils, 162 
disks, 162, 163 
structure, 163 
nerve endings, 198 
motor, 198 
sensory, 200 
nuclei, 165 
red, 164 

regeneration, 171 
sarcolemma, 162 
sarcoplasm, 162, 161 
organoids and inclu- 
sions in, 165 
variations in amount, 
161 

trophic influence of 
nerve fibers on, 171 


Muscle(s), striated, while, 
161 

tarsal, superior, of Jtliilfer, 
631 

tensor, of chorioid, 608 
tetanus, 178 
th>To-ar{enoid, 458 
tone, 178 
twitch, 178 

Muscular coat of oviduct, 
560 

of urinary passages, 497 
of uterus, 561 
of vagina, 578 
tissue, 157. See also Mus- 
cle. 

type of arteries, 235, 237 
JVliisciilaris externa of ali- 
mentary tract, 350 
of esophagus, 387 
of large intestine, 408 
of small intestine, 403 
of stomach, 396 
interna of small intestine, 
405 

mucosae of alimentary 
tract, 350 * 

of esophagus, 387 
of large intestine, 408 
of small intestine, 400, 
405 

of stomach, 396 
Myelin sheath, 189, 191 
function, 193 
histogenesis, 192, 218 
Myelinated nerve fibers, 191, 
196 

MyelinUation, 193 
Myeloblast, 107 
Myelocytes, 87, 91 
basophil, 91 
eosinopliil, 91 
extramedullary origin, 112 
heterophil, 91 
neutrophil, 91 

Myeloid elements, entrance 
into blood, 91 
heteroplastic formation, 
93 

homoplastic formation, 
93 

immature, 87 
mature, 87 
of blood, 77 
leukemia, 273, 282 
metaplasia, 112 

in splenic tissue, 273, 
282, 286 

origin of monocyte, 108 
tissue, 85, 133 

as source of monocytes, 
108 

elements, 87 



INDEX 


687 


Rl>eloid tissue, embryonic, 
hemopoiesis in, 102 
fal eclls, 86 
fixed macrophages, 86 
free cells, 87 
functions, 95 
lymphatic tissue and, 
different reac- 
tions in disease, 
107-108 

potencies of devel- 
opment of lym- 
phoid stem cells 
of, 107 
sinusoids, 86 
stroma, 85 

Myelopoicsis, ectopic, 112 
extramedullary, 112 
Myenteric plexus of Auer- 
bach, 412 

Myoblasts, 160-161, 167, 
171 

Myocardium, 217 
histogenesis, 255 
Myo-elastic tissue, 160 
of bronchi, 461—162 
Myo-cpicardial layer of 
heart, 255 

Myo-epitbelial cells, 291 
of mammary gland, 591 
of oral glands, 362 
of sweat glands, 314 
Myofibrils of cardiac muscle, 
172 

origin and develop- 
ment, 175 

of smooth muscle, 158 

origin and develop- 
ment, 160 

of striated muscle, 162 
disks, 162, 163 
structure, 163 

Myogen in striated muscle 
fibers, 162 

Myogenous cells of cardiac 
muscle, 176 

Myoglobin in striated mu-cle 
fibers, 162 
Myometrium, 561 
stratum subiuucosum, 562 
subserosum, 562 
supravasculare, 562 
vasculare, 562 
Myosin in smooth muscle, 
158 

in striated muscle fibers, 
162 . 

Myotome, 167 
Myxedema, thyroid gland 
in, 307 

N DISKS of myofibrils, 16t 
Nabothian follicles, 568 


Nnil(8), 310 
bed. 310 
body. 310 
field, primary, 318 
fold. 310 
groove, 310 
histogenesis. 318 
lunula, 310 
iiiulrix, 311 
root, 310 
wall, 310 

Nosal epithelium, 453 
ainuscs, 156 
Nasolacniuni duct, 633 
Neck of evcrclory duct of 
oral gland, 359, 361 
of hair follicle, 336 
of spemiiutn. 517 
of tooth, 373 

Neonatal lines in teeth, 382 
Nephron, 485 
histogenesis, 501 
Ncrvc(s) cells, 180. Sec also 
Neitrotis. 
ciliary, 629 
cochlear, 656 

cranial, functional com- 
ponents, 196 
endings, effectors, 197 
in cardiac muscle, 197 
in conncctiv e tissue, 203 
Id Corll’s organ, 655 
in epithelial tissue, 201 
in glands, 201 
in smooth muscle, 197 
in striated muscle, 198 
motor, in striated mus- 
cle. 198 
peripheral, 197 
receptors, 197 
sensory, m connective 
tissue, 203 
in epillielium, 201 
in striated muscle, 
200 

in tendons, 201 
sympathetic motor, 
197-198 
fibers, 189 
acoustic, 655 
all or nothing law, 193- 
191 

as constituents of pe- 
ripheral nerves, brain 
and spinal cord, 19 1 
axis cylinder, 189 
axon, 181 
cerebral, 194 
cerebrospinal, 194 
conduction by, 193 
antidromic, 193 
cmnductivity, 193 
electric excitation, 193 
potential, 193 


NerYe(s) fibers, functional 
characteristics, 196 
growth cones, 216 
llenle’s sheath, 196 
irritability, 193 
Key-Retziiis sheath, 196 
mcdullated, 191 
motor, endings in 
striated muscle, 198 
myelin sheath, 189, 191 
myelinated, 191, 196 
optic, in retina, arrange- 
ment and course, 620- 
621 

physiology, 193 
pilomotor, 201 
postganglionic, 201, 205 
preganglionic, 20 1, 205 
refractory period, 193 
Remak's, 193. 195 
Schwann's sheath, 190 
sudoriferous, 201 
sympathetic sensory, 
198 

trophic influence of, on 
striated muscle, 171 
unmyelinated, 193, 196 
vasomotor, 20 1 
fibrils, 11 

glomeruli, nonencapsu- 
lated, 203 

of odrenal glands, 311 
of blood vessels, 210, 215 
of eye, 629 
of gallbladder, 435 
of heart, 252 
of hypophysis, 301 
of intestines, 412 
of kidney, 494 
of labyrinth, 656 
of larynx, 458 
of lungs, 474 
of lymph nodes, 266 
of lymphatic vessels, 260 
of mammary gland, 597 
of meninges, 224 
of oral glands, 366 
of ovary, 558 
of pancreas, 449 
of parathyroid glands, 309 
of penis, 510 
of pleura, 476 
of prostate gland, 53 1 
of skin, 316 
of spleen, 282 
of stomach, 412 
of striated muscle, 167 
of taste buds, 338 
of testis, 524 
of thymus, 321 
of thyroid gland, 306 
of tongue, 358 
of trachea, 459 
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Mucous bone marrow, 85 
cells, 289 

of oral glands, 358, 359 
connective tissue, 72 
glands, 289 
of esophagus, 387 
of nose, -ISS 

of root of tongue, 361, 
366 

layer of gallbladder -132 
membrane of alimentary 
tract, 350 
of bronchi, 461 
of esophagus, 385 
of oral cavity, 352 
of odduct, 559-560 
of pharynx’, 371 
of seminal vesicles, 528 
of small intestine, 399 
of stomach, 389 
of urethra, 500 
of uterus, 563, 568 
of vagina, 578 
neck cells of gastric glands, 
393 

Mucus, 289, 361,453 
gastric, 397 
intestinal, 415 
MUller’s duct, 583 
muscle, 603 
radial fibers, 622 
superior tarsal muscle, 
631 

Multicellular glands, 288, 
289 

classification, 292 
hfultipolar cells of intestinal 
nerves, 412 
mitosis, 20 
neurons, 187-188 
Muscle(s), 157 
Briicke’s, 608 
cardiac, 171 

blood vessels, 174 
cells, 173 

connective tissue, 174 
contraction, 178 
fibers. 171 

of * impulse-conduct- 
ing system, 174 
histogenesis, 174 
intercalated disks, 172 
myofibrils, 172 

origin and develop- 
ment, 175 
nerve endings, 197 
nuclei, 171 

regenerative capacity, 
176 

sarcolemma, 172 
sarcoplasm, 172 
ciliary, 607 
contractile points, 177 


Muscle(s), contraction, 
mcchaiiism of, 177 
morphological changes 
during, 176 

X>articipalion of nerves, 
177' 

electron nucrograplis of, 
163 

libriJs, H 
Mullet’s, 608 
of hair, 339 

of iris, 6ll 
of larynx, 457 
orbicular, 631 
ring, of eye, 631 
Jliolan’s, 631 
skeletal, 161 
smooth, 157 
association with elastic 
fibers, 160 
cells, 157 

contact with one an- 
other. 159 
nucleus, 157 
sheaths. 160 
connective tissue, 159 
contraction, 176 
fibers, 157 
fibrils. 158 

histogenesis and regen- 
eration, 160 
myofibrils, 158 . 

origin and develop- 
ment. 160 
myosin, 158 
nerve endings, 197 
sarcoplasm, 158 
striated, 161 

blood vessels and nerves, 
167 

bundles, 165 
connective tissue, 165 
contraction, 176 
fibers, union with one 
another to form raiM- 
cles, 165 
histogenesis, 167 
myofibrils, 162 
disks, 162, 163 
structure, 163 
nerve endings, 198 
motor, 198 
sensory, 200 
nuclei, 165 
red, 161 

regeneratiem, 171 
sarcolemma, 162 
sarcoplasm, 162, 164 
organoids €tQd inclu- 
sions in, 165 
variations in amount, 
161 

trophic influence of 
nerve fibers on. 171 


Muscle(s), striated, while, 
164 

tarsal, superior, of Muller, 
631 

tensor, of chorioid, 608 
tetanus, 178 
thyro-arlenoid, 458 
tone, 178 
twitch, 178 

Muscular coal of oviduct, 
560 

of urinary passages, 497 
of uterus, 561 
of vagina, 578 
tissue, 157. See also il/us- 
cie 

type of arteries, 235, 237 
Muscularis externa of ali- 
mentary tract, 350 
of esophagus, 387 
of large intestine, 108 
of small intestine, 405 
of stomach, 396 
interna of small intestine, 
405 

mucosae of aJimenrary 
tract, 350 ' 

of esophagus, 387 
of large intestine, 408 
of small intestine, 400, 
405 

of stomach, 396 
Myelin sheath, 189, 191 
function, 193 
histogenesis, 192, 218 
Myelinated nerve fibers, I91> 
196 

Myelinlzation, 193 
Myeloblast, 107 
Myelocytes, 87, 91 
basophil, 91 
eosinophil, 91 
extramedullary origin, 112 
heterophil, 91 
neutrophil, 91 

Myeloid elements, entrance 
into blood, 91 
heteroplastic formation, 

93 

homoplastic formation, 

93 

immature, 87 
mature, 87 
of blood, 77 
leukemia, 273, 282 
metaplasia, 112 

in splenic tissue, 275, 
282, 286 

origin of monocyte, 108 
tissue, 85, 133 

as source of monocyte’’. 
108 

elements, 87 
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NucU'ic acid, desox>Til) 0 '«j, 9 
In the cell, 17 
Nucleolu'5, 8 
Nucleoproteins, 15 

of tHsue-^, qunntilative 
nnal)’-H, 18 
ribo-e, 181 

Nucleus (Nuclei), 3, 8 

i» inIto«N, 18 
of car<lioc muscle fibers, 
171 

of ner%e cell, 182 
of smooth nuisclc cell, 157 
of stcuitcd iiuiscle fibers, 
163 

Niiol's spaces, 633 
Nuhn's gland, 361 

OiisEiwATiotv chambers for 
sludy of living lis«uc, 3 
direct, of living cells, 3 
Oddi, sphincter of, -J37 
embrjology, 138 
Odontoblasts, 375, 378 
Olfactory cells, 45 1 
cpUheliuni, 453 
basal cells, 45 ( 
histogenesis, 456 
bl«lophys5olog>-. 156 
olfactory cells, 151 
supporting coHs, 153- 
451 

glands of Bowman, IS5- 
456 

nerve, 453 
vesicle, 155 
Oligodendrocytes, 208 
Ohgodcndroglia, 208 
Oligoglia, 208 
Omentum, 68 
milky spots, 69 
Onycliogenic substance, 312 
Oogonia, 586 
Oolemma, 518 
Optic avis, 600, 603 
nerve, 629 

fibers in retina, arrange- 
incnl and course, 620- 
621 

papilla, 601 
vesicle, primary, 613 
secondary, 613 
Optical portion ol retina, 
613 

Ora serraia of retina, 607 
Oral cavity, 351 
fauces, 367 
glands, 358 

albuminous cells. 358, 
360 

basal (basket) cells, 
362 

blood and lymphatic 
vesM-U, 366 


Oral cavity, glands, classifi- 
cation by loca- 
tion, 363 

by atnicfurc and 
function, 361 
dcinilunes of Gia« 
nuz/i, 362 

evcrelory diicLs, 339, 
362 

liistogenesis, 366 
interstitial connective 
tissue, 366 
niandihiilnr, 358 
niivcd, cells of, 359, 

361 

■ mucous cells, 358, 359 
iiiyo-cpillielial cells, 

362 

nerves, 366 
“paralytic** secretion 
in nniiiinis, 366 
parotid, 358 
salivary, 358 
secretion granules, 

360 

serous cells, 358, 360 
striated (or salivary) 
tubiitcs, 359, 362 
structural variations 
in dilTcrcnl species, 

361 

sublingual. 358 
subiiiavillary, 358 
lamina propria, 352 
mucous membrane, 352 
pharynx, 371 
saliva, 358 
soft palate, 353 
submucosa, 352 
longue, 353 
lonsib, 367 
Orbicular muscle, 631 
ring, 607 
space, 602 

Orgao(»), Corti*8, 6ll, 650. 
See also CortCa organ. 
enamel, 379 
in fitro, 3 
Zuckerandl's, 316 
Organelles. See Organoids. 
Organization of protoplasm, 
sulmiicroscopic. 1 1 
Organoids, 9, 10 
in sarcoplasm of striated 
muscle fibers, 165 
Ortlioneurons, v. Elmer’s, 
655 

Ossein, 126, 128 
Osseous cochlear canal, 6 16 
labyrinth, 639 
spiral lamina, 616, 617 
Ossicles, auditory, 638 
Ossification centers, 141 
cc\oi^, 131, 147 


Ossification, endochondral, 
125, 131, 137 
lietcrotopic, 13 { 
intrncartilaginous, 123, 
131. 137 

inlrnniembrnnous, 125, 
131 

melaplnslic, 13 1 
of cartilage, 120 
of long lione, IJO 
of lower jaw, 1 15 
OiitcilM fibrosa, 152 
renal, 310 

OslooLlosls, 125, 135 
Osteoclnsl.s, 125. 126, 1.39 
Oslcocollngenous fibers of 
bone, 126 

Osteocytes, 125, 135 
Osteoid f issue, 138, 119 
Osteomalacia, 139, 152 
hone in, 128 
Osteoporosis, 152 
Otic vesicle, 659 
Otoconia, 612, 660 
OloUthIc mcnibrnne, 612 
hislDgcncsis, 659 
Otoliths, 6J2 

Ovarian hormones, 579, 581 
hypophyse.ll o/Toct, 302 
Ovary, .512 

endometrium and, inter- 
relations in cycle, 567 
follicles, 5 12 
atresia, 551 
growing, 51 1 
mature (Graafian), 5 17 
rupture, 549 
primary, 5 1 1, 586 
germinal epithelium, 512 
hilus, 5 12 
histogenesis, 583 
hypophysis and, reciprocal 
relations, 581 
interstitial cells, 557 
origin, 587 
gland, 557 
medulla, 557 
stroma, 536 

sympathicotropic cells, 
557 

testis, and, comparison of 
alruclure, 582 
tunica albuginea, 5 42 
vessels and nerves, 557 
vestigial organs in connec- 
tion with, 512 
Oviduct, 558 

movements In ovulation, 
560 

Ovocytes, meiotic division, 
first, 549 
second, 549 
primary, 5t9, 586 
Ovogenesis, 5 19 
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Nerye(s) of urinary passages, 
‘198 

of uterus, 577 • 
olfactory, 455 
optic, 629 

participation in contrac- 
tion of muscle, 177 
peripheral, 195 ■ 
spinal roots, 196 
tracts, 197 
trunks, 191 
vasoconstrictor, 210 
vasodilator, 240 
vestibular, 656 
Nervous conduction, 180, 
193 

antidromic, 193 
in synapse, 209, 213-215 
impulse, blocking of, 193 
convergence, 213 
transmission of, 212 
rcfloxes, functional char- 
acteristics, 214 
system, 180 
autonoinio, 203 
efferent part, 201 
central, 180 

blood vessels, 225 
cerebrospinal fluid in, 
227 

functional systems, 
197 

connective tissue, 223 
cronial autonomic, 205 
craniosacral, 203 
exteroceptive, 100 
functions, 180, 213-215 
ganglia, 136-1119, 191, 
203 

histogenesis, 180, 215- 
219 

interoceptive, 180 
parasympathetic, 203 
cranial, 205 
peripheral, 180 
proprioceptive, 180 
sacral autonomic, 205 
sympathetic, 203, 205 
cells of, 205 
communicating 
branches, 203, 20 1 
synapses, 181, 209, 211, 
214 

thoracolumbar, 203 
autonomic, 205 
visceral, 203 
(issue, 180 

degeneration and re- 
generation, 219- 
223 

retrograde cell, 220 
secondary or Wal- 
lerian, 222 
traumatic, 221 


Nervous tissue, develop- 
ment, 215-219 
functions, 180 
histogenesis, 180, 215- 
219 

regeneration, 219, 222 
Net, Bocke’s perilernnnal, 
200 

pericellular, of Cajal and 
Golgi, 181 

Networks, capillary, 233 

Gol^, 10 

in epithelial cells, 3 ( 
linin, 9 

lymphatic, 257 
vascular, 233 
Neumann’s slieatli, 375 
Neural crests, 215 
tube, 28. 215 
Neurobiolaxis, 218 
Neuroblasts, 216 
chcmotactic influences in 
growth, 218 

mechanical factors in 
growth, 218 

physiological gradients in 
growth, 218 

Ncuro-cpitbelial taste cells, 
357 

Nouroflbrils, 182 
of axis cylinder, 189 
Neuroglia, 205 
functional and pathologi- 
cal changes, 2X9 
functions, 209 
peripheral, 190 
structure, 209 
types, 206 

Neuroglial fibers, 206 
Neurolemma, 190 
Neuroniolor system, 180 
Neuromuscular spindles, 200 
Neuronfs), 180 
bipolar, 187 
body, 182 
centrosome, 185 
chromopbil substance, 183 
correlators, 180 
craniospinal ganglioncells, 
189 

development, 215-219 
doctrine, 211 
forms and varieties, 186 
functional and pathologi- 
cal changes 219 
Golgi, types I and II, 187 
inclusions, 185 
integrators, 180 
interrelationships 213 
minute structure, 181 
mitochondria, 181 
morphology, 181 
imiltipolar, 187-108 
neurofibrils, 182 


Neuron(s), neuroplasm, 183 
Nibsl’s bodies, 183 
nucleus 182 

polarization, 211 
processes (expansions), 
185 

pseudo-unipolar, 187 
pyramidal, 188 
star-shaped, 188 
sympathetic, 205 
synapse, 181, 209, 211, 214 
terminal feel, 211 
unipolar, 187 
visceral motor, 203 
sensory, 203 
Neuropil, 214 
Neuroplasm, 183 
Neurotropism, 218 
Neutrophil leukocytes, 45, 
49 

myelocytes, 91 
Nevi, blue, 33 1 
Niemann-Pick disease, 318 
Nipple, 592 

NissJ'sbodies (granules), 183 
primary reaction, 220 
substance in nerve cells, 
13. 219 

Node(s), atrioventricular, 

251 

hemal, 266 
histogenesis, 269 
lymph, 77, 260. See also 
Lymph nodes. 

Ranvier’s. See Conslriclion 
qf Ftanvier. 
sino-atrial, 250-251 
Nodatar lymphstic thssae, 78 
Nodules, lymphatic, 80, 264 
splenic, 273 
Nodub Arantii, 219 
Nongranular leukocytes, 46 
origin of macrophages 
from, 98 
Normoblasts, 89 
Nose, 453 

accessory sinuses, 456— 15 < 
conchae, 453 
histogenesis, 456 
histophysiology, 456 
mucous glands, 453 
olfactory epithelium, 453 
glands of Bowman, 455- 
456 

respiratory epithelium, 
453 

venous plexuses, 453 
Notochord, 28 
Nuclear arc of lens, 625 
juice, 9 
membrane, 8 
zone of lens, 625 
Nucleated alveolar epilbriiid 
cells, 470 
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Nucleic ncid, desox^TilKxo, 9 
in the cell, 17 
Nucleolus. 8 
Nuclcoprotcins, 15 

of tissues, qunntilntivc 
nnnljsis, 18 
ribosc, 18 1 

Nucleus (Nuclei), 3, 8 
in mitosis, 18 
of cardinc muscle filM-rs, 
171 

of ncrxecell, 182 
of smooth muscle cell, 157 
of striated muscle fil)er&, 
163 

Nriel's spaces, 653 
Nuhn's gland, 361 

OusEuvsTiON chamliers for 
stud^ of U\ing tissue, 3 
direct, of li%ing cells, 3 
Oddi, sphincter of, 137 
embryology, 438 
Odontoblasts, 375, 378 
Olfactory cells, 45 1 
epithelium, 453 
basal cells, 151 
histogenesis, 456 
histophysiology, 436 
olfactory cells, (51 
supporting cells, 133- 
451 

glands of Bowman, 135- 
4.36 

ner\e, 435 
sesitle, 155 
Oligodendrocytes, 208 
Oltgodcndroglia, 208 
Oligoglia, 208 
Omentum, 68 
milky spots, 69 
Onychogenic substance, 312 
Oogonia, 586 
Oolemma, 548 
Optic axis, 600, 603 
nerve, 629 

fibers in retina, arrange- 
nientandcourse, 620- 
621 

papdla, 601 
vesicle, primary, 613 
secondary, 613 
Optical portion of retina, 
613 

Ora serrnta of retina, 607 
Oral eiivily, 331 
fimees, 367 
glands, 338 

albuminous cells, 358, 
360 

basal (basket) cells, 
362 

blood nnd lympbntio 
vessels, 366 


Oral tavity, glands, classifi- 
cation by loca- 
tion, 363 

by stnicturc and 
function, 36 1 
dcniiliiRcs of Gin- 
nuz/i, 362 

excretory ductn, 339, 
362 

histogenesis, 366 
interstitial connective 
tissue, 366 
iniindibiihir, 358 
nnxed, cells of, 359, 

361 

nmcons cells, 358, 359 
myoH-pilbelial cells, 

362 

nerves, 366 
“paralytic'* secretion 
in animals, 366 
parotid, 358 
salivary. 358 
secretion granules, 

360 

serous cells, 338, 360 
striated (or salivary) 
liibuh-s, 359. 362 
structural vurtatlons 
in different sjiecies, 

361 

sublingual. 338 
sulimaxillary, 358 
lamina propria, 332 
niucous luemlirune, 352 
pharynx, 371 
salivn, 338 
soft palate, 353 
submueosa, 352 
tongue, 353 
tonsiU, 367 
Orbicidar muscle, 631 
ring, 607 
space, 602 

0rgan(8), Corli’s, 611, 630 
See also CorlCt ori/an. 
enamel, 379 
m rUro, 3 
Zuckerandl’s, 316 
Organelles. See Organoids. 
Organization of protoplasm, 
submicroscopic, 14 
Organoids, 9, 10 

in sarcoplasm of striated 
muscle libers, 165 
Orthoneurons, v. Ebner’s, 
655 

Ossein, 126. 128 
Osseous cochlear canal, 6 1 6 
labyTinth, 639 
spiral lamina, 616, 617 
Ossicles, auditory, 638 
Ossification centers, 14 1 
ectopic, 131, 117 


Ossification, endochondral, 
125, 131. 137 
hcterolopic, 131 
intrncartilaginous, 125, 
131, 137 

inlramemhranous, 125, 
131 

melaplastic, 131 
of cartilage, 120 
of long Iionc, 1 10 
of lower jaw, 1 15 
Osteitis fibrosa, 152 
renal, 310 

Osteoblasts. 123, 135 
Osicocliists, 123, 126, 139 
Ostcocollagcnous fibers of 
l)onc, 126 

Osieocytes, 125, 135 
Osteoid tissue, 138, 119 
Osteomalacia, 139, 152 
bone in, 128 
Osteoporosis, 152 
Otic vesicle, 659 
Otoconia, 612, 660 
Ololitliic membrane, 612 
histogenesis, 639 
Otoliths, 612 

Ovarian hormones, 579, 581 
hypophyseal cffi'Ct, 302 
Ovary, 5 12 

endometrium nnd, inter- 
relations in cycle, 567 
follicles, 5 12 
atresia, 551 
growing, 51 1 
mature (Graafian), 517 
rupture, 519 
primary, 51 1, 586 
germinal epithelium, 512 
hilus, 5 12 
histogenesis, 583 
hypophysis and, reciprocal 
relations, 581 
interstitial cells, 557 
origin, 587 
gland, 557 
medulla, 557 
stroma, 556 

sympathicotropic cells, 
557 

testis and, comparison of 
structure, 582 
tunica alhuginea, 512 
vessels and nerves, 557 
vestigial organs in connec- 
tion with, 512 
Oviduct, 558 

movements in ovulation, 
560 

Ovocytes, meiotic division, 
first, 5 19 
second, 519 
primary, 519, 586 
Ovogenesis, 519 
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Ovulation, 549 
in animals, 581, 582 
relation of estrus ,to, 581 
of menstruation to, 581 
Ovum (Ova), 542 
comparison with sperma- 
togenic cells, 582 
corona radiata, 548 
first polar body, 549 
■ human, youngest, 570 
macula germinativa, 548 
maturation, 549 
mechanism of transporta- 
tion from ruptured fol- 
licle to oviduct, 561 
perivitelline space, 518 
primitive, 586 
second polar body, 549 
vesicula germinativa, 548 
zona pellucida, 548 
Owen’s lines, 375 
Oxidations catalyzed by en- 
zymes, 16 
Oxychromatin, 9 
Oxyhemoglobin, 45 
Oxyphil cells of parathyroid 
glands, 309 

Paccttionian corpuscles, 227 
Pachymeninxi 223 
Pachytene stage of sperma- 
tocytogenesU, 511 
Paget’s disease, 152 
Palate, soft, 353 
Palatine glands, 36 1, 366 
tonsils, 367. See also 
Tonsils, palatine. 

Palms, epidermis, 329 
Palpebral conjunctiva, 631 
fascia, 631 
Pancreas, 411 
acini, 412 

centro-acinous cells, 4 18 
ducts, 417 

exocrine portion, 442 
histogenesis, 149 
histophysiology, 449 
islets of Langerhans, 443 
cells, 446 
distribution, 447 
regeneration, 419 
role in digestion of chyme 
in small intestine, 414^ 
secretion, external, 451 ^ ^ 
internal, 419 
secretory granules, 412 
tubules, 4 18 
tumors, 4 16, 450 
vessels and nerves, 148- 
419 

zymogen granules, 4 13, 
151 

Pancreatic Juice, 414, 451 
Panclh’s cells, 402, 418 


Panniculus adiposus, 328 
Papilla(e), 37, 328 
basilaris, 650 
hair, 338 
of kidney, 482 
of optic nerve, 601 
of tongue, 353, 355 
circuinvollatc, 355 
filiform, 355 
foliate, 357 
fungiform, 355 
Papillary ducts, renal (of 
Bellini), 490 
layer of derma, 33 4 
Papillo-macular bundle, 621 
Paradidymis, 527 
Paraffin for embedding of 
tissues, 5 

Parafollicular cells of thy- 
roid, 305 
Paraganglia, 316 
Parahormones, 294 
Paralutcin cells, 552—553 
“Paralytic” secretion in sa- 
livary glands of animals, 
366 

Parasympathetic nervous 
system, 203 
cranial, 205 
Parasynapsis, 511 
Parathyroid glands, 308 
blood vessels, 309 
cells, oxyphil, 309 
principal, 308, 309 
extract, 310 
histogenesis, 310 
hislophysiology, 310 
hormone, 310 
in rickets, 310 
nerves, 309 
regeneration, 310 
hormone and bone. 150 
Parathyroidectomy, tetany 
in, 310 

Parenchymatous cells of 
pineal body, 323 
Parietal cells of gastric 
glands, 392 
pleura, 476 
Paroophoron, 5 42 
Parotid glands. 358, 363, 364 
Pars buccalis (embryonic) 
of liypophysis, 301 
cavernosa urellirae, 499 
distalis of hypophysis, 297 
intermedia of hypophysis, 
297. 301 

interstitialis of oviduct, 
559 

isthmica of oviduct, SS9 
membranneea urethrae, . 
499 

nervosa of hypophysis, 
297, 300 


Pars optica retinae, 601 
prohtatica, 499 
tuberalis of hypophysis, 
297, 299 

Patches, Peyer’s, 405 
Pathways, common, of nerv- 
ous impulses, 213 
Pectinate ligament of iris, 
613 

Pedicle, cone, 618 
Peduncidated hydatid, 526 
Pelvis, renal, 481 
Penicilh of spleen, 276 
Penis, 535 

blood vessels, 537 
cavernous bodies, 537 
erectile tissue, 537 
glans, 537 

lymphatic vessels, 5 10 
mechanism of erection, 

539 

nerves, 540 
prepuce, 537 
trabeculae, 537 
tunica albuginea, 537 
Tyson’s glands, 537 
Pepsin, 397 
Peptidases, 16 
Perforating fibers, 132 
Pericapillary cells, 232 

of pulmonary alveoli, 
470-471 

Pericardium, 67, 246 
Pericellular net of Cajal and 
Golgi, 184 

Perichondrium, 117, 123 
Perichorioidal space, 606 
Perikaryon, 181, 182 
Perilymph, 639 
Perilymphatic spaces, 639 
histogenesis, 660 
Perimysium, 165-166 
Perineurium, 195 
Periodontal membrane, 373, 
378 

cementicles, 379 
Periosteal bone band or 
collar, 141 

Periosteum, 124—125, 133 
Peripheral branchings of col- 
lecting tubules of kid- 
ney, 490 

effector organs, 180 
lymph nodules of small 
intestine, 405 
nerves, 195 
endings, 197 
nervous system, 180 
neuroglia, 190 

Periphery, extra-areal, of 
retina, 615 

Periportal connective tissue, 
127 
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Peritcrniinal net of Boeke, 
200 

Perithelium, 231 
Peritoneum, 67 
Pcriva'wular lymphatic ves- 
sels, 2 15 

Perivitelline space, 5 18 
Pernicious anemia, 89 
Peycr’a patches, 105 
Phagocytes, alveolar, 470 
Phagocytic reticular cells, 77 
stellate cells of v. KuplTer, 
•123 

Phagocytosis by eiulothe- 
lium, 231 
by leukocytes, 52 
in spleen, 282 
of blood corpuscles, 99 
Phalangeal cells of Corti’a 
organ, 652 
inner, 652 
outer, 653 

Pharyngeal tonsil, 369 
Pharynx, 371 
blood and lymphatic ves- 
sels, 371 
glands, 371 

Phase difference microscopy, 
3, 22 

Phosphatase, 16 
in hone, 125 
in osteoblasts, 149 
Phosphorus”, 128 
Phosphorylations catalyzed 
by enzymes, 16 
Physiologic erosions of por- 
lio vaginahs, 568 
gradients in gro'ivth of 
neuroblasts, 218 
inflammation, 66, 68 
turnover in bone recon- 
struction, 139 

Pia-araebnoid membrane, 
structure, 224 
mater, 223 

Pigment cells in loose con- 
nective tissue, 63 
epithelium of iris, 613 
of retina, 616 - 
granules, 13 
in derma, 334 
in nerve cells, 185 
tissue, 75 

Pigmentation of skin, 333 
Pillars of Corti’s organ, 650 
inner, 652 
outer, 652 

Pilomotor fibers, 204 
pineal body, 322 

brain-sand granules, 323 
•function, 324 
parenchymatous cells, 
323 

recess, 322 


Pinna, 636 
Pinocytosis, 97 
Pilocin, 302-303 
Pitressin, 302 
Pits, gastric, 389 
Pituicytes, 300 
I^tiiitary gland, 303 
Placenta, 569-570, 574 
steroid liorninncs, 376 
Planum Rrniilunatiim, 613 
Plasma, 40 

cells in loose connective 
tissue, 62 

Plasmnto-iibrous astrocytes, 
207 

Plasmosin, 18 
Plate, chorionic, 57 1 

cuticiilar, of outer pillars 
of Corti’s organ, 652 
equatorial. 19 
motor, 198 
skin, 167 

Platelets, blood, -H, 53 
function, 53 
Pleura, 67. -176 
parietal. 476 
visceral, 459, 476 
Plexusfcs), chorlold, 225 
enteric, 112—114 
lymphatic, of small Intes- 
tine, 412 
of stomach, 410 
myenteric, of Auerbach, 
412 

of Corti’s organ, 655 
submucous arterial, of 
small intestine, 110 
of Meissner, 412 
of stomacli and colon, 

no 

uterovaginalis, 577 
venous, of nose, -ISS 
of stomach and colon, 
410 

Plica palmala cervicis, 568 
sublmgualis, 363 
Plutonium, 128 
Pneumothorax, 479 
Poikilocytosis, 43 
Points, lacrimal, 633 
Polar body, first, of ovum, 
549 

second, of ovum, 549 
Polarity of epithelial cells, 
31 

Polarization of synapse, 
functional, 211 
Polarizedlightin cell studies, 
7 

Pole of eyeball, anterior, 602 
posterior. 602 
PoI>hla8ts, 98 

in inflaminatjon. 111 
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Polychromatic erythro- 
blasls, 43 
erythrocytes, 43 
Poljchromatophil erythro- 
blnsts, 8? 

Pore(s), pulmonary, 471 
taste, inner, 357 
outer, 357 

Portal vascular system, 215 
Portio vaginalis, 561, 568 
physiologic erosions, 
568 

Postganglionic fibers, 201, 
205 

Potencies of cells of blood 
and lymph, connective 
tissue and endothelium, 

no 

Potential lymphatic space of 
liver, 128 

Prccapillary arterioles, 235 
Precollagenous fibers, 7 1 
Predentin, 381 
Preganglionic fibers, 201, 
203 

Pregnancy, corpus lutcum 
of. 552 

early, embryonic develop- 
ment during, S70 
endometrium in, 568 
mammary gland during, 
591 

uterine artery during, 576 
uterus in, origin of now 
smooth muscle, 161, 577 
vagina during, 579 
Prepuce, 537 
Primary nail field, 318 
reaction of Nissl, 220 
spongiosa of metaphysis, 
115 

Primitive blood cells, 100 
erythroblasts, 100 
erythroc>tes, 99, 100 
Haversian systems, 140 
ova, 586 

phagocytic cells, 78 
reticular cells, 77, 78 
potencies of, 113 
sex cells, 581, 586 
stem cells, 99 

^ wandering cells of inesen- 
chyme, 100-101 
Primordium of lens, 633 
Principal cells of hypophysis, 
299 

of parathyroid glands, 
308, 309 
Pro-callus, 145 
Processes, ciliary, 607 
of nerve cells, 185 
protoplasmic, of nerve 
cells, 185 
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Pro-enzymes in secretory 
granules, 14 
pancreatic, 451 
Pro-erythroljlast, 89 
Proostrus, 579 
Progesterone, 581 
Progestin, 581 

Progravid phase of cndo-a 
metrial cycle, 565 
Trominentia spiralis, 619 
Promyelocytes, 91 
Prophase, 18 

Proprioceptive sensory sys- 
tem, 180 

Prostate gland, 528, 530 
nerv'cs, 534 
secretion, 532 
Prostatic concretions, 53 J 
Protein{s), absorption by 
intestines, 415, 416 
in cell, 11, 15 
inclusions in intestines, 
416 

synthesis, 18 

Proteolytic enzyme, calhep- 
sin, in thyroid colloid, 307 
Protoplasm, 7 
composition, 15 
submicroscopic organiza- 
tion, 14 

superficial, of epithelium, 
specialization of, 33 
Protoplasmic astrocyte, 206 
processes of nerve cells, 
183 

Proximal convolution of kid- 
ney tubule, 487 
functions, 49S 
Pseudocartilage, 122 
Pseudo-eosinophils, 50 
Pscudostratified columnar 
epithelium, 31, 32 
ciliated, 31, 32 
Pseudo-unipolar neurons, 
187 

Pulmonary arteries, 
branches, 472 
Pulmonic valves, 249 
Pulp cavity of tooth, 373 
dental, 374, 378 
odontoblasts, 378 
enamel, 380 
splenic, artery of, 276 
red, 96, 270, 273 
wliite, 96, 270, 271 
Pupil, dilator, 611 
of eye, 60l 
sphincter, 611 

Pupillary margin of iris, 610 
Purkinje fibers, 174, 250, 
231 

Pyknosis, 50 
Pyloric glands, 390, 39 1 
Pylorus, 389 


Pyramidal lobe of thyroid, 
306 

neurons, 188 

Pyramids, renal (of Mal- 
pighi), 482 

Q orsKs of myofilirils, 163 

Radiai. fibers of Miiller, 622 
Radiated jxirtion of ciliary 
muscle, 608 

Radicular arteries, anterior 
and posterior, 225 
Radioactive isotopes, in 
bone, 128 
location of, 7 

Rami coinmunicantcs, 203, 
201 

Ranvier's constriction, 190, 
192 

Rays, medullary, of kidney 
(Ferrein’s), 482 
Reaction, alarm, of Selye, 
85, 315 
axon, 220 

centers of lymphatic tis- 
sue, 81 

of spleen, 273 
primary, of NissI, 220 
Receptors of nerve endings, 
197 

Recess, pineal, 322 
Reconstruction of bone, in- 
ternal, 139 

Rectal columns of Morgagni, 
410 

Red blood corpuscles, 41. 
See also Erythrocytes. 
bone marrow, 85 
muscle, 164 

pulp of spleen, 96, 270, 273 
Reductions catalyzed by en- 
zymes, 16 

Reflexes, axon, in intestine, 
414 

nervous, functional char- 
acteristics, 214 
Refractive meilia of eye, 625 
Refractory period of nerve 
fibers, 193 

Regeneration of adrenal 
glands, 314 
of blood cells, 77 
of cardiac muscle, 176 
of epithelium, 37 
of hyaline cartilage, 120 
of Yiver, 428 

of lymphatic system, 269 
of lymphocytes in germi- 
nal centers, 81 
of neri'Oiis tissue, 219, 222 
of pancreas, 119 
of parathyroid glands, 310 
of smooth muscle, 160 


Regeneration of spleen, 286 
of striated muscle, 171 
of thyroid gland, 306 
Regressive changes in hya- 
line cartilage, 120 
Reinforcing fibers of fenestra 
cJioledocha, 437 
Reissner’s membrane, 647 
Remak’s fibers, 193, 195 
Remnant, acroblast, 514 
Renal. See Kidney. 
osteitis fibrosa, 310 
rickets, 310 

Renin, hypertension and, 
495 

Rennin, 397 
Renosin, 18 
Repair of bone, 145 ' 
of lung, 477 

Reproduction and growth of 
cell, 16 

Reserve cells of hypophysis. 
299 

Resonance, sympathetic, 
mechanism for, 659 
Respiration, lungs in, 477- 
478 

of cell, 16 

Respiratory bronchioles, 
460. }63 

epithelium of larynx, 457 
of nose, 453 
of soli palate, 353 
of trachea, 458 
structures of lungs, 462 
system, 453 
Resting cell, 18 
mammary gland, 591 
stage in meiotic division 
of spermatocytes, 513 
wandering cells, 62, 96 
Rete culaneum, 345 
subpapillare, 315 
testis, 524 

Re licular apparatus of Golgi , 
10. Ifit 
cells, 96 

phagocytic, 77, 78 
primitive, 77, 78 
potencies of, 113 
fibers of capillaries, 231 
of liver, 428 
of lymph nodes, 263 
of lymphatic tissue, 78 
of spleen, 270, 273 
formation. 195 
layer of derma, 334 
membrane of Corli’s o*"' 
gnn, 650 

terminal frame, 653 
portion of ciliary nm«cle, 
608 

tissue, 73 
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Reticulate substance, 195 
Retlciilntcd substance in 
erythrocytes, 43 
Reticulocytes, 43 
Reticulo-endotheliuni, 96 
Ueliculimi, stellate, 380 
Retina, 600, 601, 613 
bipolar cells, 619 
blind spot, 601-602, 611 
central area, 614, 622 
avascular, 621 
fo^en, 611, 622 
ciliary portion, 601, 608 
cone cells, 618, 623 

distribution, 619, 
621-625 
function, 621 
gans;Uon cells, 620 
histogenesis, 613, 633 
horirontal cells, 619 
iridial portion, 601-602, 
610, 611 
layers, 611 

liiniting membrane, inner, 
622 

outer, 622 

optic nervo fibers, ar- 
rangement and course, 
620-621 

optical (functioning) por- 
tion, 613 
ora serrata, 607 
pars opticM, 601 
pigment epithelium, 616, 
radial fibers of MUUcr, 622 
regions, 614 
rod ceils, 617 

distribution, 619 
62 1-625 

Supporting or neuroglial 
elements, 622 
synapses, 621 
visual cells, 617 

distribution, 619, 
624-625 

yellow sjiot, 614 
Retrograde cell degenera- 
tion, 220 

Relzius’ body, 651 
lines, 377 

Rhagiocrme cells, 62 
Rhexis, 50 
Rbodopsin, 618 
Ribonucleaie, 17 
Ribonucleic acid, 17 
Ribose nucleoprotein, 184 
Rickets, adult, in bone, 139, 
152 

bone in, 128, 139, 119, 152 
parathyroid glands in, 310 
renal, 310 

Ridges, genital, 583 
of skin, 328 
Rieder cells, 50 


Ringfs), Cn1>ot*8, 45 
ciliary, 607 
muscle of eye, 631 
Riolan’s muscle, 631 
Rod(s), 617, 621-625 
iKxly, 617 
cells of retina, 617 

distribution, 619, 
621-625 
enamel, 376 
filler, 617 

of Corti’a organ, 650 
inner, 653 
outer, 653 
spherule, 617 

Rokifansky-AscbolT sinuses, 
431 

Roll, scleral, 605 
Rootfs), hair, 336 
nail, 310 

sheath of hair, external, 
336, 339 

internal, 336, 338 
cuticle, 338 
Ilenle’s layer, 339 
Huxley’s layer, 339 
spinal, 196 
tooth, 373 
development, 382 
Rosette of monocytes, 17 
Rotation center o( eye, 603 
Rouget c^ls. 232 
Rouleaux, 42 

Rupture of Graafian follicles, 
5t9 

Russell’s bodies, 63, 396 

Sac, alveolar, 460, 46$ 
conjunctival, 630-631 
dental, 379 
endolymphatic, 611 
lacrimal, 633 
lymphatic, 267 
yolk, development of 
blood and connective 
tissue in, 99, 100 
Saccular macula, 611 
Saccule, 610, 611 
spherical, 610 

Sacral autonomic nervous 
system, 205 
Sahva, 358 

Salivary corpuscles, 368 
glands, 358 See {dso Oral 
eavtiy, glands. 
tubuka, 359 
Salt, bone, 126 
Sand granules of pineal 
body, 323 

Santorini’s duct, 447 
Sarcoblasts 171 

of cardiac muscle, 176 
Sarcolemma, 162 

of cardiac musde, 172 


Sarcomere, 16 1 
Sarcoplasm, 162 
of cardiac muscle, 172 
of smooth muscle, 158 
of striated muscle fibers, 
161 

organoids and in- 
clusions in, 165 
variations in 
amount, 164 
Sarcosomes, 165 
Satellite cells of central, 
nervous system, 206, 
208 

of peripheral ganglia, 
203 

Scala media, 616 
tympani, 616 
vestibuli, 616 
Sralae, 617 

Schlcmm's canal, 605, 613 
Schniidt-Lantermann’s 
clefts, 192 
Schreger’s lines, 377 
Schwann’s cells, 190 

of peripheral ner\e«i, 
205 

contribution to histology, 
sheath, 190 

Schweigger-Seidel sheath, 
276 

Sclera, 600, 603 
venous sinus, 605 
Scleral framework, 613 
furrow, internal, 605 
roll, 605 

Sclerocorneal junction, 605 
Sclerotome, 167 
Scorbutus, bone in, 152 
Scurvy, bone in, 152 
Sebaceous glands, 312 
alveoli, 312 
of hair, 336 
secretion, 313 

Secondary degeneration of 
nerve fiber, 222 
spongiosa of metaphysis, 
145 

Secretin, 415, 451 
Secretion, apocrine, 289 
by glands, distinguished 
from excretion, 288 
endocrine, 291 
external, glands of, 288, 
292 

gastric, 397 
holocrine, 289, 313 
internal, glands of, 288, 
293, 297 
merocrine, 289 
of bulbo-urethral glands, 
535 
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Secretion, of external audi- 
tory meatus, 62,6 
of large intestine, 415 
of inamwary gland, 593, 
596, 598 

of pancreas, 419-451 
of prostate gland, 5S2 
of salivary glands, 358 
of sebaceous glands, 3J3 
of seminal vesicles, 530 
of small Intestine, 414 
of sweat glands, 3 M, 345 
of thyroid gland, 307 
"paralytic,’” in salivary 
glands of animals, 366 
Secretory capillailcs of nml- 
ticellular glands, 291 
epithelial sheet, 288 
surface, 289 

granules of epitbeliai cells, 
13 

of oral glands, 360 
of pancreas, 142 
portions of multicellular 
glands, 290-291 
system, 180 

Selye's alarm reaction, 85, 
315 

Semen, S40 
components, 540 
Semicircular canals, 639, 642 
ampullae, 639, 610 
Semilunar fold, 632 
Seminal vesicles, 528 
Secretion, 530 

Seminiferous epithelium, 507 
tubules, 519 
Convoluted, 505-506 
Sensory fibers, somatic, 200 
Sympathetic, 198 
nerve endings, epithelial, 
201 

in connective tissue, 
203 

in striated muscle, 
200 

in tendons, 201 
neurons, visceral, 203 
systems, exteroceptive, 
180 

interoceptive, 180 
proprioceptive, 180 
terminal apparatus, en- 
capsulated, 203 
nonencapsulated, 203 
Septal cells of pulmonary 
alveoli, 470 
Septula testis, 505 
Septum membranaceum, 248 
Serosal layer of gallbladder, 
435 

Serous cells of oral glands, 
358, 360 


Serous exudate, 68 
free cell^, 69 

membrane of alimentary 
tract, 350-351 
of stomach, 397 
tissue of, 67 
Sertoli’s cells, 507 
Scrtolian syncytium, 507 
Serum, blood, S4 
Sex cells, definitive, origin, 
587 

famala, 542 
male, 507 

and female, compari- 
son. 582 

primitive, 584, 586 
germinal cbaraclet, 
587-589 
cords, 58 1 

glands, histogenesis, 583 
hormones, 302 
Sevual characters, second- 
ary, in male, 523 
Shaft, hair, 336 
Sharpey’s fibers, 132, 377 
Sheath, caudal, of sper- 
tnaltds, 5t4 
Henlc’s, 196 
Hertwig’s epithelial, 382 
Key-Iletzius’, 196 
myelin. 189, 191 
function, 193' 
hhlogenesis, 193 
Neumann’s, 375 
root, of halt, external, 336, 
339 

internal, 336, 338 
cuticle of, 338 
Henle’s layer, 339 
Huxley’s layer, 339 
Schwann's, 190 
Scbwei^er-Seidel, 276 
smooth muscle cell, 160 
spiral, of spermium, 516 
Sheathed artery of spleen, 
276 

Sheets epithelial See Ept- 
(helial sheets. 

Sictle-sbaped erythrocytes, 
43 

Simide goiter, thyroid gland 
itt, 307 

Sino-alrial node, 250-251 
Sinovenlr/ciilar system, 250 
Sini»(e‘«) lactiferus, 591 
lymphatic, 260 — 261 , 262, 

26 i 

medullary, of lymph 
nodes, 264 
nasal, fS6 
of Udnev, 481 
of Venous valve, 245 
Rokitansky-Ascbolf, 434 


Sinus(es), subcapsular, 
lymphatic, 262 
venosus, 259 
venous, of sclera, 605 
of spleen, 273, 278 
Sinusoids, 234 
of bone marrow, 86 
of Jiver, 422 
Skeletal muscle, 161 
Skeleton, cardiac, 248 
Skin, 328 

basement membrane, 3S3 
blood vessels, 3 1 5 
color, 333 
derma, 328, 334 
dermal cliromatopbores, 
333. 334 
epidermis, 328 
functions, 328 
glands, 342 
luslogenesis. 316 
hypodernus, 328, 334 
Longerhans’ cells, 333 
lymphatic vessels, 345 
mclanoblctsts, 333 
mitosis in, 333 
imicoculaneous junctions, 
333 

nerves, 346 

panniculus adiposua, 328 
papillae, 328 
pigmentation, 333 
plate, 167 
ridges, 328 

subcutaneous layer, 328, 
331 

tela subcutanea, 328 
Skull, arteries, 239 
Sludges, 43 

Small intestine, 399- See 
also Intestine, smfilt 
Smooth muscular tissue, 157. 

See tUso Muscle, smooth. 
Soft palate, 353 
Soles, epidermis, 329 
of motor plate, 198 
Solitary foUicle'i of large 
intestine, 408 
of small iolpstine, 405 
Somatic sensory fibers, 200 
Somato-sensory function, 
214 

Space(8), circumlental, 602 
Fontana’s, 613 
intervillous, 574 
lymphatic, 260-261 
meningeal, 226 
Nuel’s, 653 
orbicular, 602 
pericborioidal, 606 
perilymphatic, 639 
histogenesis, 660 
pcrivitelline, 518 
subarachnoid, 226 
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Spafe(s), subdural, 226 
supravaginal, 629 
Tenon’s, 603, 629 
tissue, 257 

Si>ectroscopy, ultraviolet mi- 
croscopic absorption, 17 
Speriiialic cords, 506, 527 
Spermatids, 510, 511 
caudal sheath, 51 1 
development into sperinia, 
513 

giant, 521 

Spermatocytes, development 
into Spermatids, 510 
giant, 521 

inlerkinclic (resting) 
stage, 513 

meiotic divisions, 511-513, 

519 

mitoses of maturation 
(meiotic divisions), 510 
primary, 510 
secondary, 510, 513 
Spermatocytogenesis, 508, 
510 

diploteno stage, 511 
leptotcnc stage, 511 
pachytene stage, Sll 
period of gro>vtIi, 509 
of maturation, 510 
of proliferation, 509 
Spermatogenesis, 508, 519 
age factor, 521 
degenerative phenomena, 

520 

diagram of six stages, 519 
in seasonal breeding mam- 
mals, S20 

Spermatogenetic wave, 517 
Spermatogenic cells, 507 
abnormal, 521 
comparison with ova, 
582 

degenerative phenom- 
ena, 520 
generations, 519 
primary, 510 
sensitiveness to noxious 
factors, 521 
Spermatogonia, 509 
crystalloid body, 510 
development into sperma- 
tocytes, 511 
giant, 521 

with cruslVike nuclei, 510 
with dustlike nuclei, 510 
Spermatozoa, 509 
Spermiogenesis, 509, 513 
diagram of nine stages, 
516 

Spermium (orSpermia), 509, 
516 

axial Glament, 517 
chromosomes, 517 


Spermium (or Spermia), 
crystals of llottcher, 5 II 
licnd, 516 
enp, 511, 517 
formation, 51 1 
middle piece, 516 
nionstcr, 521 

movement in ejaculation, 
5)0 

neck, 517 

nuniber in ejaculation, 
510 

spiral siteatli, 516 
tail, 516 

Sphere, attraction, 11 
Spherical saccule, 6 10 
Spherule, tod, 6l7 
Sphincter ampullae, 137 
cholcdoclms, 137 
internal, of bladder, 532 
of Oddi, *137 
embryology, 430 
of pupil, 611 
pnnervuticus, 137 
Spider cells, 206 
Spinal urtcrial tracts, 225 
cord, dura mater, 223 
inlcrmedio-lalerol gray 
coluiim of, 203 
leptoioeninges, 223 
ventricle of, 226 
roots, 196 
Spindle(s), 19 
enamel, 377 
neuromuscular, 200 
Spines of dendrites, 186 
Spirol canal of modiolus, 617 
fibers of Corti’s organ, 655 
lamin.i. membranous, 616, 
617 

osseous, 616, 617 
ligament, 6l6 
limbus, 6 17 
prominences, 619 
sheath of spermium, 516 
sulcus, external, 6 19 
internal, 617 
tract of labyrinth, 657 
valve of Ileister. 435 
Spirerae stage of nucleus, 
18 

Spironeurons, v. Ebner’s 
655 

Spleen, 270 
act essory, 286 
antiltody formation in, 283 
arteries, 275 
sheathed, 276 
union with veins, 279- 
282 

capsule, 270 

cirailation in, theories, 
280, 281 
cords, 273 


Spleen, erythrolytic func- 
tion, 2C2 

functions, 282-286 
hemopoiesis in, 282 
histogenesis, 286 

hormone producliou in, 
285 

iron metabolism in, 282 
lyinphalic tissue, 270. 271 
vessels, 282 
lymphocytes in, 101 
lymphocytopoietic cen- 
ters, 273 

macrophages, 271. 282 
Malpighian bodies, 270 
marginal zone of white 
pulp, 273 

mesenchymal activation, 
283 

myeloid metaplasia in, 
282, 286 
nerves, 282 
nodule*. 273 
penicilli, 276 
phagocytosis in, 282 
imnumity and, 283 
p\dp, artery of, 276 
reaction centers, 273 
red pulp, 270, 273 
regeneration, 286 
removal of, eflects, 282, 
281-285 

store for lipoids, 285 
for red blood cells, 282 
structure, 270 
trabeculae, 270 
veins, 278 
trabecular, 279 
union with arteries, 
279-282 

venous sinuses, 273, 278 
white pulp, 270, 271 
Splenectomy, effects, 282, 
281-285 

Splenic cords, 273 
no^ale'^, 273 
tissue, 96, 270 ’ 

myeloid metaplasia in, 
275 

Spongiosa, primary, of mela- 
physis, 1 15 

secondary, of metaphysis, 
115 

Spongy bone, 124, 128 
Spot(s), blind, of eye, 60l- 
602, 611 

milky, of omentum, 69 
Mongolian, 33 1 
yellow, of retina, 61 1 
Spreading factor, 58 
Scpiamous cells, 29 
of arachnoid, 224 
epithelium, simple, 30. 31 
stratified, 30, 31 
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Staimng methods, hematox- 
ylin and eosin, 5 
Marchi's, 221 
metachromatic, 58, 73 
special, 5 
supravital, 4 
vital, 4 
Stapes, 638 

Star-shaped neurons, 188 
Stellate cells of hepatic 
sinusoids, 423 
reticulum, 380 
veins of kidney, 493 
Stem cells, free, in hone 
marrow, 87 

in blood, inleukeniia, 107 
prinjitivCj 99 
Stereocilia, 526 
Steroid compounds, 315 
hormones of placenta, 576 
Stigmata, capillary, 231 
Stippled erythrocytes, 43 
Stomach, 389 
hlood vessels, 410 
cardia, 389 
cardiac area, 389-390 
epithelium, ectopic 'intes- 
tinal, 395 

folds and furrows, 389 
fornix, 389 
fundus, 389, 390 
glands. 389, 391 
argentaf&ne cells, 394 
cardiac, 389-390, 395 
ectopic intestinal, 395 
funcQc, 390 
intermediate, 390 
lenticular, 396 
mucous neck cells, 393 
parietal cells, 392 
pyloric, 390, 394 
zymogenic cells, 392 
histogenesis, 398 
histophysiology, 397 
isthmus, 389 
lamina propria, 395 
lymph vessels, 410 
mucous membrane, 389 
muscularis externa, 396 
mucosae, 396 
nerves, 412 
pits, 389 
plexuses, 410 
pyloric region, 390 
Russell’s bodies, 396 
secretion, 397 
serous membrane, 397 
subdivisions, 389-390 
in animals, 390 
submucous layer, 396 
surface epithelium, 391 
Stomata, 36 
capillary, 231 
of lymphatics, 260 


Storing of vital dyes, 97 
Stratified epiUielium, 30 
columnar, 30, 32 
squamous, 30, 31 
Stratum basale, 574 
compactum, 574 
comeum, 332 
disjimetum, 332 
germinativum, 37, 330, 
331 

graniilosum, 330.- 331 
lucidum, 330, 331 
hlalpighi), 332 
spinosum, 331 
spongiosum, 574 
subnmeosum of niyome- 
triuiii, 562 

subserosum of inyonte- 
trium, 562 

aupra\asculare of myo- 
metrium, 562 
vasculare of myometrium, 
562 

Stria vascularis, 650 
Striated border, 35 

muscular tissue, 161. Sec 
also Muscle, striated. 
tubules of oral glands, 359, 
362 

Strings, auditory, 649 
Stripe, Hensen’s, 654 
Stroma, 42 

of lymphatic tissue, 78 
of myeloid tissue, 85 
of uterus, 561 

Stromal sheet, of irh, an- 
terior, 611 
posterior, 611-612 
Structure of cell, 7 
Study methods, 1 
of dead cells, 4 
Suharaclinoid fistula, 227 
space, 226 

Suhcapsular sinus of lymph 
node, 262 

Subcutaneous fatty tissue, 
328, 335 

layer of skin, 328, 334 
Subdural space, 226 
Subendocardial layer, 247 
SubendoUielial layer of en- 
docardium, 246 
Subb'ngual glands, 358, 363, 
365 

SubmaxiHary glands, 358, 363 
Subniicroscopic organization 
of protoplasm, 14 
particles, 14 

Subnmeosa of oral cavity, 
352 

Submucous layer of cj,opba- 
gus, 387 

of small intestine, 405 
of stomach, 396 


Submucous plexus of IVIeis- 
sner, 412 

of small intestine, 410 
of stomach and colon, 
410 

Substance, amor- 
pbous ground, 58 
cliromophil, 13 

of albuminous oral 
glands, 360 
of nerve cell, 183, 219 
cortical, of hair, 338 
of Ij-niph nodes, 264 
intercellular, of connec- 
tive tissue, 40, 56 
interfibriJlar, 183 
interstitial, of bone, 125, 
126 

of hyaline cartilage, 118 
medullary, of lymph 
nodes, 2&i 
onychogenic, 342 
reticulate, 195 
Substantia propria of cornea, 
601 

origin, 633 
Substituting cells, 37 
Sudoriferous fibers, 201 
Sulcus, scleral, internal, 603 
spiral, external, 619 
internal, 647 

Sunlight for prevention and 
cure of rickets, 149 
Supporting cells of acoustic 
maculae, 642 
of Corti’s organ, 650 
of olfactory epithelium, 
453^54 
(of Sertoli), 507 
of taste buds, 357 
Suprachorioid lamina, 603 
layer, 606 

Supravaginal space, 629 
Supravital staimng, 4 
Sustenlacular cells. See Sup- 
porting celts. 

Sutural ligament, 153 
Sweat glands, 343 

glandular cells, 311 
histogenesis, 349 
Moll’s, 315 

myo-epilhelial cells, 34 1 
secretion, 314, 345 
Sympathetic motor endings, 
197-198 
nerve cells, 205 
nervous system, 203, 205 
sensory fibers, 198 
vibration or resonance, 
mechanism for, 659 
Sjmpatliicotropic cells, 557 
Sympalhochromaflin cells of 
adrenals, 313, 31 1 
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Sympliorcsis, 519 
Synap«c(g), IflJ, 209 
of retina, 621 
polarization, functional, 
,211 

sfnictiire, 211 
Synaptic fields 214 

mates !>13 

Synartliroses, 153 
Synchomlro<is, 153 
Syncytial tropholilast, 570 
Syncytium, 36 
Sertohau, 507 
Syndc'»iiiO'.is 153 
Synostosis, 153 
Synovial layer of joint cap- 
sule, 153 
;nenil)rnnes, 152 
classification, 131 
fibrolilasts of, 15 1 
folds of, 155 
>1)13 of, 153 

Taenia coli, 408 
Tail of spennium, 516 
Tarsal lacrimal elands. 632 
muscle of Muller, sviporior , 
631 

Tarsus, 631 
Taste liuds, 357 

Cells, neuro-epitiiclial 

357 

supporting, 357 
liistophysiology, 338 
nerves, 358 
hair, 358 
pore, Inner, 357 
outer, 357 
sensations, 358 
Tears 632-633 
Tectorial membrane of 
Corti’s organ, 651 
Teeth, 372 
alveolus, 373 

auditory, of Husebbe, 6 17 
cementuin, 37.S, 377. Sec 
also Cementum. 
crown, 373 
deciduous, 373 
«tentm, 373, 374. See also 
Dentin. , 

dcntino-enamel junction, 
377 

onaniel, 373, 376. See also 
Enamel 
gum, 371, 379 
liard portions, 373 
Ilertwig’s epithelial 
sheath, 382 
lustogenesis, 379 
neck, 373 
nconninl lines, 382 
periodontal membrane, 
57.1, 378 


Teeth, pcrninncnl, 373 
germs for, 379 
pulp, 37 1, 378 
cavity’, 373 
root, 373 

developiiicnt, 382 
soft pnrts 371 
Tela cliorioidca, 225 
tailicutnnca, 328 
Kubmucosa of uliinenlnry 
tract, 350 
TolrKlenilroii, 186 
TelophaM-, 18, 19 
Temions, sensory nerve end- 
ings, in, 201 

tissue of, 70-71 
Tenon’s capsule, 603 
space, 603, 629 
Tensor nuisclc of cbonoid, 
608 

Terminal bars, 37 
lironcliioles, |60 
btdl)S of Krause, 203 
fcs’l of neuron, 211 
frame of reticular menu 
brnne, 653 

portions of inulticclbdar 
glands. 29(1-291 
scnsMiry apparatus, cnca|>- 
s«latc<l, 203 
nonencnpsulated. 203 
Testis, 505 
albuginea, 505 
appendix, 526 
auxiliary glanils, S28 
capsule. 521 
cryptorcbid. 521, 523 
(luctuli oberrantes, 526 
efTcrentes, 521 
ductus deferens, 506. 527 
cpididymidis, 525 
endocrine function, 523 
excretory ducts, 521 
histogenesis, 581 
hormones. 523 
interstitial cells, S22 
origin, 587 
tissue, 521 

intra-cpilliebdl glands, 525 
lobules, 505 
mediastinum, 503 
ovary and, comparison of 
structure, 582 
paradidymis, 527 
rclc, 521 

seminiferous epithelium 
507 

tubules, 503-506, 519 
septula, 505 

sex (germ or spermato. 

genic) cells, 507 
spermatic cords, 506 
spernuitogenesis, 508, 519 
spcrinatogencUc wave, 520 


Testis, spermin, 509, 516 
sjjstcnlncular cells (of Ser- 
lob), 507 
tubiili recli, 521 
tunica albugmea, 521-522 
vaginalis propria, 507 
vasculosa, 522 
vascular cones, 521 
vessels and nerves, 521 
visceral coat, 507 
Tetanus, 178 
Tetany, 310 

Tetrads, chromosome, 511, 
550 

Tliccn, 289 
externa, 5 16 
folliculi, 516 
interna, 5 16 
lutein tells, 552—533 
Tliiouracil, 307 
Thoracic diict, 259 
Thoracolumbar nervous syh- 
tem. 203 
autonomic, 205 
Tliymocytes, 310, 319 
TJiyntonucIcic acid, 17 
Tliynms, 316 
cortex, 318 
function, 322 
lln<saira )>odics, 318, 320 
histogenesis, 321 
involution, 319 
accidental, 316, 320 
age. 316, 319 
medulla, 318 
stroma, 318 
thymocytes, 318, 319 
vessels and nerves, 321 
Thyro-artenoid ligaments, 
inferior, 458 
muscle, 158 
Thyroglobulin, 306 
Thyroglossal duct, 306 
Thyroid gland, 303 

action of, on lionc, 152 
blood vessels, 305 
cell inclusions, 301 
colloid in, 303 
enthepsin proteolytic 
enzyme in, 307 
cells, 30 1 

hyaluronidase in, 307 
follicles, 303 
follicular epithelium, 
304 

histogenesis, 306 
hislophysiology, 307 
hormone, 307 
hypersecretion, 307 
hyposecretion, 307 
interfollicular cells, 305 
iodine in, 307 
istlimus, 303 
lymphatics, 305 
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Thyroid ■ gland, metabolism 
and, 307 
nerves, 306 

parafollicular cells, 305 
parenchyma, 303 
pyramidal lobe, 306 
regeneration, 306 
secretion, 307 

Thyrolrophic hormones of 
hypophysis, 302 
Thyroxine, 307 
Tigrolysis, 18f, 220 
Tissue(s), 1 
adipose, 61, 75 
areolar. 56 
blood-destroying, 77 
blood-forming, 77 
chondroid, varieties, 122 
connective. See Conneclive 
tissue. 

genetic interrelation- 
ships of cells in, 111- 
112 

culture, 3 
elastic, 73 

embryonic connective, 27 
epithelial, 26 
types, 29 

erectile, of penis, 537 
fat, 61, 75 
brown, 64, 75 
subcutaneous, 328, 333 
fibrohyaline, 122 
fixation of, for study, 5 
grafts, 52 
hemopoietic, 77 

m embryonic’ blood de- 
velopment, 100 
interfollicular, 265 
interstitial, of testis, 321 
lyniphatic, 77. See also 
Lymphadc (issue. 
muscular, 157 
cardiac, 171 
smooth, 157 
.striated, 161 

myeloid, 85. Sec also 
Alyehid /issue, 
myo-elastic, 160 
nervous, 180. See also 
Nervous tissue. 
of serous membranes, 67 
osteoid, 138, 149 
pigment, 75 
reticular, 73 
.spaces, 257 
splenic, 96, 270 
staining, 4 

vesicular supporting, 122 
Tomes’ fibers, 375 
granular layer, 375 
processes, 381 
Tone, muscular, 173 


Tongue, 353 
coated, 355 
crypt, 357 

V. Ebner’s glands, 355-357 
follicles, 357 
foramen caecum, 353 
glands. 36 {, 365, 366 
nerves, 358 * 
papillae, 353, 355 
circumvallate, 355 ^ 
filiform, 355 
foliate, 357 
fungiform, 355 
taste buds, 357 • 
Tonofibrils, 11 

in cpitlielial cells, 3 1, 36 
Tonsils, 367 
function, 369 
infiltration -with lyiiipho- 
cyles, 368, 369 
lingual, 357 
palatine, 367 
crypts, 367 
glands, 369 
histogenesis, 369 
pharyngeal, 369 
Tooth germs, 379 
Trabeculae carneae, 247 
of lymph node, 263 
of membranous labyrinth, 

- 639 

of penis, 537 
of spleen, 270 

Trabecular veins of spleen, 
279 

Tracers, isotopic, for cellular 
structure study, IS 
Trachea, 458 
cartilages, 459 
epithelium. 458 
glands, 458 
smooth muscle, 459 
vessels and nerves, 459 
Tract, alimentary, 350. See 
also Alimentary tract. 
arterial, spinal. 225 
nerve, 197 

spiral, of labyrinth, 657 
Transitional epithelium, 30- 
31, 33 

of urinary passages, 497 
Transparency of cornea, 606 
Traumatic degeneration of 
nervous tissue, 221 
Trialistic theory of hemo- 
poiesis, 107 
Trigona fibrosa, 248 
Trophic influence of nerve 
fillers on striated muscle, 
171 

Trophoblast, 570 
syncytial, 570 

Trophochronie cells of oral 
glands, 361 


“True” storage of dye by 
intestines, 417 
vocal cords, 458 
Trunks, nerve, 191 
Trypan blue, 62 
Trypsin, 415, 451 
Trypsinogen, 415 
Tubc(s), auditory, 638 
bronchial, 439 
eustachian, 638 
fallopian, 558 
neural, 28, 215 
Tubular glands, compound, 
293 

simple, 292 
Tubule(s), 292 
dentinal, 374 
of kidney, collecting, 490 
central branchings, 
490 

peripheral branch- 
ings, 490 

distal convolution, 490 
functions, 494 
proximal convolution, 
487 

pancreatic, 448 
salivary, 359 
seminiferous, 519 
convoluted, 505-506 
striated, of oral glands, 
359, 362 . 
uriniferous, 481, 483 
Tubuli recti, 524 
Tubulo-acinous glands, com- 
pound, 293 
Tufts, enamel, 377 
Tumors, alveolar cell, 470 
formation, role of loose 
connective tissue in, 67 
of pancreas, 446, 450 
Tunic, fibrous, of eye, 600, 
603 

of eycliall, 633 ' 
uveal, of eyeball, 633 
vascular, of eye, 600, 606 
Tunica adventitia, '235 

of elastic type arteries, 
239 

of esophagus, 387 . 

, of large veins, 2 13 
of lymphatic vessels, 
238-259 

of medium caliber veins, 
242 

of muscular type ar- 
teries, 237 

of small arteries, 237 
veins, 212 

of thoracic duct, 260 
albuginea of ovary, 5 12 
of penis, 537 
testis, 521-522 
externa, 235 
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Tunjca interna, 23S 
inlima, 235 

of elastic tyiie arteries, 
238 • 

of large \eins, 213 
of lymphatic vessels, 
258 

of medium caliber veins, 

2 12 

of muscular type ar- 
teries, 237 

of stnall arteries, 336 
veins', 3t2 

of thoracic duct, 2>9 
media, 23S 

of elastic type arteries, 
238 

of large veins. 2 13 
of lymphatic vessels, 

238 • 

of medium caliber vc'ns, 
212 

of jTjuscular typo ar- 
teries, 237 

of small arteries, 236 
\eins, 212 

of thoracic duct, 259 
vaginalis propria testis, 
507 

vasoulosa testis, 522 
Tunnel of Corti’s organ, 650 
outer, 653 

Twilcb, muscular, 178 
Tympanic cavity, 637 
covering layer, 6l9 
hp, 617 

roembtane, 636 
Tyson’s glands. 537 

ULTRACENTBiruGE experU 
menta on Golgi apparatus, 
10 

tillraviolet absorption meth- 
ods, 7 

microscopic absorption 
spectroscopy, 17 
Umbilical artery, 239 

cord, Wharton’s jelly of, 
72 

Undifferentiated fixed cells, 
potencies of, 113 
lining cells of hepatic 
sinusoids, 423 
mesenchymal cells in loose 
connective tissue, 61 
Umcellulat glands. 288, 289 
Unipolar neurons, 187 
Unitarian theory of hemo- 
poiesis, 107 

Unmyelinated nerve fibers, 
193. 196 

Urea formation in liver, 431 


Ureter, 481 

blood x-esbcla anti nerves, 
498 

intra-cpillielial cysts, 197 
iiiusculur coal, 497^98 
Urethra, 481, 499 
female, 500 
male, 199, 337 

colliculus seimnalis, 499, 
528 

inlra-cpUhcIial cysts, 
499 

liltrc'a glands, 500 
Morgagni’s IncuiiAe, 500 
para cavernosa, 499 
ineinbrnnaoca, 499 
prostntica, -199 
vesicula prostalicu, 499 
Urinary bladder, 401 

internal Kphmcicr. 512 
intra-cpithclial cysts, 

197 

passages, blood vessels 
anti ^c^^ cs, 498 
cpiUu4»»»n», 497 
muscular coat, 197 
system, Ittl 

Urine c\ni»ia\inn m kidney , 
491 

Urinlferous tubules. 181. 183 
Uterine artery during preg- 
nancy, 576 
Uterus, 561 
cervix, 568 
glands. 561 

in pregnancy, origin of 
new smooth muscle in, 
562 

istbmus, 568 

mucous membrane, 563, 
568 

muscular coat, 561 
portio vaginalis, 561, 568 
stroma, 564 
vessels and nerves, 576 
Utrjtde, 6)0, 641 
Utricular macula, 611 
Utriculosaccular duel, 610 
Utriculus prostaticuN, 528, 
534 

Uvea. 600, 606 
Uveal framework, 613 
tunic of eyeball, 633 

3’acuoi.es in nerve cells, 185 
Vagina, 577 
cyclic changes in, ST9 
during gestation, 579 
in estmal cycle of lower 
animals, 579 
wall, layers of, 577 
Valves, aortic, 249 
alrioventricular, 249 
cardiac, 249 


VaU'es, Ileistcr’s spiral, 435 
Kerkring’s, 399 
of lymphatic vessels, 259 
histogenesis, 267 
of veins, 2tl 
sinus of, 2 15 
pulmonic, 219 
Viilviilae tonniventes, 105 
Vas afferens of kidney, 487 
deferens, 527 
ligation, 523 
efferens of kidney, 487 
ptoininens, 619 
Vasa afferentia, 264 
vasorum, 215 
Vascular bud, 253 
cones of testis, 524 
cndofliellum, in embry- 
onic hemopoicsjiH, 101 
layer of ciliary body, 608 
networks, 233 
system, blood, 230 
Umlc of eye, 600, 606 
Vascularity of brain sub- 
stance, 225 

Vasoconstrictor nerves, 240 
Vasodilator nerves, 240 
Vasomotor fibers, 204 
Vater-Pacini corpuscles, 203 
Vegetative existence of cell, 
16 

Veins, 211 
blood vessels of, 315 
connections, atyplcali with 
arteries, 215 
histogenesis, 253 
labyTinthine, 637 
large, 243 

tunica adventitia, 243 
vntima, 243 
media, 213 

of kidney, eteUate, 493 
of liver, 421 
central, 422 
collecting, 422 
intercalated, 422 
of medium caliber, 242 
tunica adventitia, 242 
inlima, 242 
media, 242 
of small caliber, 242 
endothelium, 242 
of spleen, 278 
union with arteries, 279- 
282 

special types, 244 
trabecular, of spleen, 279 
valves, 244 
sinus of, 245 
walls, layers of, 241 
Venous capillaries, 23 4 
plexuses of nose, 453 
of stomach and colon, 
•J16 
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Venous sinus of sclera, 605 
of spleen, 2^3, 278 
Ventral pancreas, 449 
Ventricles of brain, 226 
of heart, 246, 250 
of spinal cord., 226 
Ventricular fluid, sources, 
227 

Venulae rectae, 493 
Vertebral ganglia, 203 
Vertebrates, lower, lyni- 
phatic tissue in, 05 
Verumontanuin, 523 
Veslcle(s), nielanepliric, 502 
olfactory, 455 
optic, primary’, 613 
secondary, 613 
otic, 659 
seminal, 528 
secretion, 530 
Vesicula germinativa, 518 
prostatica, 499 
Vesicular supporting tissue, 
122 

VesacKs), blood. See Blood 
vessels. 

layer of chorioidea, 606 
of iris, 611 

Vestibular aqueduct, 639 
artery, 656 
covering layer, 619 
fenestra, 638 
lip, 647 
nerves, 656 
Vestibule of ear, 639 
Vestibulocochlear artery, 656 
Vestibulum, function, 639 
vaginae, 579* 

Vibration, sympathetic, 
mechanism for, 659 
Villi, arachnoid, 227 
chorionic, 572 
intestinal, 100 
histogenesis, 418 
movements, 417 
of synovial membrane, 155 
Viruses, filtrable, 1 
Visceral coal of testis, 507 
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Visceral motor neurons. 203 
nervoas system, 203 
pleura, 459, 176 
sensory neurons, 203 
.Visual acuity, 625 
axis of eye, 602 
cells of retina, 617 

distribution, 619,62 1- 
625 

center, in relation to nerv- 
ous system, 21-1 
purple, 618 
apace perception, 625 
Vital dyes, storing, 97 
staining, 4 

Vitamin A deficiency, epi- 
Iheliunt and, 38 
in bone, 152 
exccER in bone, 152 

C, 316 

deficiency in bone, 152 

D, 149 

deficiency in bone, 152 
E <lencicncy in muscle, 
176 

in thyroid gland. 308 
Vitceal cavity, 602 
Vitreous body, 627 

hyaloid (Cloquet’s) ca- 
nal, 629 
humor, 602 
Vocal cords, 458 
ItgamenU, 458 
Volkmann’s canals, 129, 132 
von Recklinghausen’s dis- 
ease, 152 
Vortex, lens, 625 

WALLEniAN degeneration of 
nerve fiber, 222 
Wandering cells, l^Tiiphoid, 
in loose connccii\-e 
tissue, 61 

of mesenchyme, primi- 
tive, 100-101 
resting. 62, 96 
Wave, spermatogcnelic, 517 
Wharton’s jelly, 72 
V'hite bile, 436 


Mliite blood corpuscles, 41' 
See also Leukocytes. 
matter, conduction of 
nervous impulses by, 
213 

of brain, 194 
muscle, 161 

pulp of spleen, 96, 270, 271 
Window. Sec Fenestra. 
Wirsung’s duct, 417 
Witch’s milk, 598 
WoIlT’s duct, 583 

X ctinoMosoMES, 510 
X-rny diffraction p.atterns, 
192 

spectra in cell studies, 7 
X-rays, effect of, on testis, 
533 

X-Y chromosome, 510, 512 

Y CHROMOSOMES, 510 
Yeast nucleic acid, 17 
Yellow bone marrow, 85 
spot of retina, 614 
Yolk sac, development of 
blood and connective tis- 
, s\Te in, 99, 199 

Z DISKS of myofibrils, 163 
Zona orcuata, 619 
fasciculala, 311, 312 
glonierulosa, 311 
pectinata, 649 
pellucida, 544, 518 
reticularis, 311, 313 
VBSCulosa, 542 
Zone, marginal, of while 
pulp of spleen, 273 
nuclear, of lens, 625 
ZonUle, ciliary, 626 
anterior sheet, 627 
posterior sheet, 627 
fibers, 626 

Zuckerandl's organs, 316 
Zymogen granules, 14 

of gastric glands, 392 
of pancreas, 4 13, 451 
Zymogenic cells of gastric 
glands, 392 




